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(54) OPTICAL WAVEGUIDE MODULATOR WITH OUTPUT LIGHT MONITOR 



(57) An optical waveguide monitor equipped with an 
output light monitor having a decreased restriction in the 
dimensions and form thereof, a high reliability and a low 
production cost includes an optical waveguide element 
(having a plurality of surface waveguide portions, a con- 
necting portion for converging and connecting the sur- 
face waveguide portions and an output light-outputting 
waveguide portion connected to the connecting portion 
each formed on a dielectric substrate plate; an output 
light optical fiber connected to an output end of the out- 
put light-outputting waveguide portion, a reinforcing 
capillary for reinforcing a connection between the optical 
waveguide element and the output light optical fiber and 



a monitoring light receiving means, wherein the reinforc- 
ing capillary has a hole or groove for containing and sup- 
porting the output light optical fibertherein, a connecting 
face thereof bonded to an output end face of the sub- 
strate, and a terminal surface opposite to the connecting 
face, to thereby enable at least one member of the re- 
inforcing capillary per se and a monitoring light optical 
fiber located within the capillary to receive the monitor- 
ing light outputted from the optical waveguide element, 
to transmit it therethrough and to output it to the outside 
of the capillary, and the monitoring light receiving means 
is located in a position suitable to receive the monitoring 
light outputted to the outside of the reinforcing capillary 
and has a photoelectric conversion element. 
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Description 

TECHNICAL FIELD 

[0001] The present invention relates to an optical 
waveguide modulator equipped with an output light 
monitor. More particularly, the present invention relate 
to an optical waveguide modulator, equipped with an 
output light monitor, usable for modulating an external 
light intensity in the optical communication field, and ca- 
pable of monitoring output light by utilizing monitoring 
light radiated or outputted from an optical waveguide, 
and controlling the working point in the modulation of 
light intensity by feeding-back the monitoring results. 

BACKGROUND ART 

[0002] An optical waveguide modulator, in which an 
optical waveguide is formed on a substrate plate com- 
prising LiNb0 3 (which may be referred to as LN herein- 
after) or GaAs, is advantageous in that the working ve- 
locity is high, the dependency on wavelength is low and 
the driving voltage is low, and thus it is widely used for 
practical external modulators in the optical communica- 
tion field. Particularly, an optical waveguide modulator 
is widely used in DWDM system in which the low wave- 
length-dependency thereof is advantageously utilized. 
[0003] However, in the optical waveguide modulator, 
a drift in the working point voltage, which is referred to 
as a temperature drift or a DC drift, occurs. Due to this 
phenomenon, it becomes necessary that output light 
from the modulator is monitored and the monitored out- 
put is fed back to the working point voltage to maintain 
the working point in a particular one point on a particular 
characteristic curve even when the drift phenomenon 
occurs. 

[0004] As a means for monitoring the output light of 
the modulator, a monitoring system in which an optical 
fiber for output light is connected to an optical coupler 
located outside of the modulator module, the outputted 
light is divided into a main signal light and a branch light 
for monitoring at the optical coupler, the monitoring 
branch light is converted to electric signal by a photoe- 
lectric conversion element, and DC voltage of the mod- 
ulator is controlled in accordance with the electric signal, 
is known. In this system, however there is the problem 
that since the optical coupler for providing the monitor- 
ing branched light and the photoelectric conversion el- 
ements must be arrange outside of the modulator mod- 
ule, the cost of the modulator system increases, limita- 
tions on the dimension and form of the system increase 
and the reliability of the system decreases. 
[0005] As another means for monitoring the output 
light from the optical waveguide element, a system in 
which a coupler, particularly a directional coupler is ar- 
ranged in the optical waveguide element and an output 
light waveguide portion for the monitoring light is provid- 
ed in addition to a optical signal-outputting waveguide 



portion, is usually, utilized. In this system, an optical cir- 
cuit for the branched monitoring light must be arranged 
in the optical waveguide element and an optical fiber for 
the monitoring output light, in addition to the optical fiber 
5 for the output light for signal, must be connected to the 
optical waveguide element. 

[0006] As still another monitoring system, a system in 
which, as disclosed in Japanese Unexamined Patent 
Publication No. 11-194,237, an inclined hole is formed 

10 in a cladding portion on an optical waveguide, or a dif- 
fraction lens is arranged above an optical waveguide el- 
ement, and a portion of output signal light in the optical 
waveguide is taken to the outside of the substrate plate 
of the element by the above-mentioned hole or lense, is 

*5 known. Inthissystem, installation of a lens etc. fortaking 
the monitoring light out of the optical waveguide element 
is necessary and, as the monitoring light is taken out of 
the optical waveguide element, a member for receiving 
the monitoring light must be installed on the optical 
20 waveguide element after the element is fixed in a con- 
tainer case, and this installation is difficult and compli- 
cated. 

[0007] Further, Japanese Unexamined Patent Publi- 
cation No. 5-34,650 discloses a system in which an end 

25 of an optical waveguide element is formed into an in- 
clined form, a portion of output light from the waveguide 
is reflected on the end of the element in an inclined di- 
rection, and the reflected light is received as a monitor- 
ing light. In this system, the inclined end form of the el- 

30 ement must be determined to an extent such that the 
inclined end does not affect the main output light from 
the element, and thus there is a problem in practical uti- 
lizability of this system. 

[0008] Japanese Unexamined Patent Publication No. 

35 5-53086 discloses an optical device in which a light-re- 
ceiving element is directly arranged on an optical 
waveguide element so that a portion of the output signal 
light from the optical waveguide can be directly received 
and monitored by the light receiving element. In this de- 

^0 vice, a means for fixing the light-receiving element must 
be installed on the optical waveguide element and since 
thefixing means-installation work, a workfor connecting 
the fixing means to the light-receiving element and an 
operation for adjusting the connected light-receiving el- 

^5 ement are effected after the optical waveguide element 
is fixed to a container case, the above-mentioned works 
and operation are very difficult and the possibility of 
damaging the optical waveguide element by the above- 
mentioned works and operation is high. 

50 

DISCLOSURE OF THE INVENTION 



[0009] An object of the present invention is to provide 
an optical waveguide modulator having an output light 
monitor to which the limitations in dimension and form 
are small and which is capable of monitoring the inten- 
sity of output light from the modulator by a monitoring 
means having a simple constitution with high reliability 
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and with at low cost. 

[0010] The above-mentioned object can be attained 
by the optical waveguide modulator equipped with an 
output light monitor of the present invention. 
[0011] The optical waveguide modulator equipped 
with an output light monitor of the present invention com- 
prises: 

an optical waveguide element comprising a dielec- 
tric substrate and an optical waveguide formed on 
a front surface of the dielectric substrate, the optical 
waveguide comprising a plurality of surface optical 
waveguide portions, an optical waveguide connect- 
ing portion on which the surface optical waveguide 
portions are converged and connected to each oth- 
er and an output light-outputting optical waveguide 
portion connected to the optical waveguide-con- 
necting portion; 

an optical fiberfor output light, connected to an out- 
put end of the output light-outputting optical 
waveguide portion of the optical waveguide ele- 
ment; 

a reinforcing capillary for reinforcing a connection 
between the optical waveguide element and the 
output light-outputting optical fiber; and 
a means for receiving monitoring light, 

wherein 

the reinforcing capillary is provided with a hole or 
groove formed therein for containing and holding 
the optical fiberfor output light, a connection sur- 
face thereof connected to an output end side sur- 
face of the substrate of the optical waveguide ele- 
ment, and a terminal surface thereof opposite to the 
connection surface, to thereby enable the reinforc- 
ing capillary to receive the monitoring light output- 
ted from the optical waveguide element through at 
least one member selected from the capillary itself 
and the optical fiber for the monitoring iight located 
in the capillary, to transmit the monitoring light 
therethrough and to output the monitoring light to 
the outside of the capillary; and 
the monitoring light-receiving means is located in a 
position in which the monitoring light outputted from 
the reinforcing capillary to the outside of the capil- 
lary can be received, and is provided with a photo- 
electric conversion element. 

[0012] In an embodiment (1 ) of the optical waveguide 
modulator equipped with an output light monitor of the 
present invention, the reinforcing capillary is formed 
from a light-transmitting material, to thereby enable ra- 
diation mode light generated in the optical waveguide 
connecting portion of the optical waveguide element to 
transmit through the dielectric substrate and to be re- 
ceived by the light-transmitting reinforcing capillary, and 
the radiation mode light outputted from the reinforcing 



capillary to be received, as monitoring light, bythe mon- 
itoring light-receiving means. 

[0013] In the embodiment (1 ) of the optical waveguide 
modulator equipped with an output light monitor of the 
5 present invention, preferably, the light-transmittable ma- 
terial for the reinforcing capillary is selected from trans- 
parent glasses. 

[0014] In the embodiment (1 ) of the optical waveguide 
mpdulator equipped with an output light monitor of the 

10 present invention, preferably, the terminal surface of the 
reinforcing capillary formed from a light-transmittable 
material is a light-reflective surface, to thereby enable 
radiation mode light radiated from the optical waveguide 
connecting portion of the optical waveguide element to 

« pass through the dielectric substrate of the optical 
waveguide element and the reinforcing capillary con- 
nected to the output end surface of the dielectric sub- 
strate, and to be reflected on the tenpinal light-reflective 
surface, and the reflected radiation mode iight to be re- 

20 ceived, as a monitoring light, by the monitoring light-re- 
ceiving means. 

[0015] In an embodiment (1)-(a) of the optical 
waveguide modulator equipped with an output light 
monitorofthe present invention, preferably, the reinforc- 
es ing capillary is in the form of a cylinder. 

[0016] In the embodiment (1)-(a) of the optical 
waveguide modulator equipped with an output light 
monitor of the present invention, preferably, the reinforc- 
ing capillary is a transparent glass cylinder; the hole or 
30 groove for holding the optical fiber for the output light is 
preferably formed along the longitudinal axis of the 
transparent glass cylindrical capillary; and the longitudi- 
nal axis of the hole or groove preferably intersects the 
light-reflective terminal surface at an oblique angle. 
35 [0017] In the embodiment (1)-(a) of the optical 
waveguide modulator equipped with an output light 
monitor of the present invention, preferably, the radia- 
tion mode light reflected on the reflective terminal sur- 
face of the cylindrical reinforcing capillary is transmitted 
*o toward a periphery of the capillary and then is outputted, 
as a monitoring light through the periphery of the capil- 
lary, the outputted monitoring light is converged by a 
lens effect of the periphery of the cylindrical reinforcing 
capillary, and the converged monitoring light is received 
^ bythe monitoring light-receiving means. 

[0018] In the embodiment (1)-(a) of the optical 
waveguide modulator equipped with an output light 
monitor of the present invention, preferably, a light-re- 
flective membrane is formed on the terminal surface of 
o the reinforcing capillary. 

[0019] In the embodiment (1)-(a) of the optical 
waveguide modulator equipped with an output light 
monitor of the present invention, preferably, the terminal 
surface of the reinforcing capillary is formed into a 
5 curved surface projecting outward to thereby enablethe 
monitoring light passed through the reinforcing capillary 
to be reflected and converged on the curved terminal 
surface, and then to be received by the monitoring light- 
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receiving means. 

[0020] In the embodiment (1)-(a) of the optical 
waveguide modulator equipped with an output light 
monitor of the present invention, preferably, the connec- 
tion surface of the reinforcing capillary is bonded to the 
optical waveguide element through an adhesive agent, 
and afirststain-preventing groove is formed on a portion 
of the bottom surface of the reinforcing capillary and 
close to the connection surface of the reinforcing capil- 
lary to thereby receive an excessive portion of the ad- 
hesive agent applied between the connection surfaces 
of the reinforcing capillary and the optical waveguide el- 
ement and to prevent staining of the periphery of the 
reinforcing capillary through which the radiation mode 
light is outputted. 

[0021] In an embodiment (1)-(a) of the optical 
waveguide modulator equipped with an output light 
monitor of the present invention, preferably, the optical 
fiber for the output light is bonded to the hole or groove 
of the reinforcing capillary through an adhesive agent, 
and 

a second stain-preventing groove is formed on a 
portion of the bottom surface of the reinforcing capillary 
and close to the light reflecting terminal surface of the 
reinforcing capillary, to thereby receive an excessive 
portion of the adhesive agent applied between the opti- 
cal fiber and the hole or groove of the reinforcing capil- 
lary and to prevent staining of the periphery of the rein- 
forcing capillary through which the radiation mode light 
is outputted. 

[0022] In an embodiment (1)-(b) of the optical 
waveguide modulator equipped with an output light 
monitor of the present invention, preferably, the terminal 
surface of the reinforcing capillary formed from the light- 
transmitting material is provided with a surface portion 
in which the monitoring light is reflected and a non-mon- 
itoring surface portion, whereby when the radiation 
mode light radiated from the optical waveguide connec- 
tion portion of the optical waveguide element through 
both side portions of the output light-outputting optical 
waveguide portion passes through the dielectric sub- 
strate of the optical wavegu ide element and the reinforc- 
ing capillary connected to the output end surface of the 
dielectric substrate, only a portion of the radiation mode 
light radiated to one side portion of the output light-out- 
putting optical waveguide portion is reflected on the 
monitoring light-reflecting surface portion of the rein- 
forcing capillary toward the monitoring light-receiving 
means, received as a monitoring output light by the 
monitoring light-receiving means, and another portion 
of the radiation mode light that reaches the non-moni- 
toring surface portion is not received as a monitoring 
light by the monitoring light-receiving means. 
[0023] In the embodiment (1)-(b) of the optical 
waveguide modulator equipped with an output light 
monitor of the present invention, preferably, the reinforc- 
ing capillary is in the form of a cylinder. 
[0024] The optical waveguide modulator equipped 



with an output light monitor as claimed in claim 12, 
wherein the terminal reflecting surface portion of the re- 
inforcing capillary intersects the direction of the longitu- 
dinal axis of the hole or groove in which the output light- 
5 outputting optical fiber is received, at an oblique angle, 
to thereby enable the radiation mode light reflected on 
the terminal reflecting surface portion to be received, as 
monitoring light, by the monitoring light-receiving 
means. 

10 [0025] In the embodiment (1)-(b) of the optical 
waveguide modulator equipped with an output light 
monitor of the present invention, preferably, the portion 
of the radiation mode light reflected on the reflecting sur- 
face portion of the cylindrical reinforcing capillary is out- 
is putted, as monitoring light, through the periphery of the 
cylindrical reinforcing capillary, and converged by the 
lens effect of the periphery of the cylindrical reinforcing 
capillary, and the converged monitoring light is received 
by the monitoring light-receiving means. 
20 [0026] In the embodiment (1)-(b) of the optical 
waveguide modulator equipped with an output light 
monitor of the present invention, preferably, a light-re- 
flective membrane is formed on the terminal light-re- 
flecting surface portion of the reinforcing capillary. 
25 [0027] In the embodiment (1)-(b) of the optical 
waveguide modulator equipped with an output light 
monitor of the present invention, preferably, a portion of 
the terminal surface of the reinforcing capillary is formed 
into a curved surface projecting outward, to thereby en- 
30 able the monitoring light transmitted through the rein- 
forcing capillary to be reflected on the curved surface 
portion of the terminal surface and converged, and to 
be received by the monitoring light-receiving means. 
[0028] In the embodiment (1)-(b) of the optical 
35 waveguide modulator equipped with an output light 
monitor of the present invention, preferably, in the ter- 
minal surface of the reinforcing capillary, a boundary line 
between the light-reflecting surface portion and the non- 
monitoring surface portion is located between a trans- 
40 mittingpath of a portion of the radiation mode light which 
reaches the light-reflecting surface portion and another 
transmitting path of another portion of the radiation 
mode light which reaches the non-monitoring surface 
portion; and the boundary line is positioned between a 
^5 center line of the terminal surface of the reinforcing cap- 
illary intersecting the longitudinal axis of the hole and 
extending in the same direction as that of the boundary 
line, and a tangential line extending in parallel to the 
center line and coming into contact with a portion of a 
50 periphery line of the hole of the reinforcing capillary from 
which portion of the periphery line, the light-reflecting 
surface portion is formed. 

[0029] In the embodiment (l)-(b) of the optical 
waveguide modulator equipped with an output light 
>5 monitor of the present invention, preferably, the non- 
monitoring surface portion of the terminal surface of the 
reinforcing capillary is one formed in a manner such that 
a portion of the reinforcing capillary is cut off inward from 
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the terminal surface of the capillary, while another por- 
tion of the reinforcing capillary having the light-reflecting 
surface portion of the terminal surface thereof is not cut 
off. 

[0030] In the embodiment (1)-(b) of the optical 5 
waveguide modulator equipped with an output light 
monitor of the present invention, preferably, the non- 
monitoring surface portion of the terminal surface of the 
reinforcing capillary is a non-light reflecting surface not 
capable of reflecting the radiation mode light. w 
[0031] In the embodiment (1)-(b) of the optical 
waveguide modulator equipped with an output light 
monitor of the present invention, and preferably with re- 
spect to the non-monitoring surface portion of the termi- 
nal surface of the reinforcing capillary, a means for in- 15 
tercepting the radiation mode light reflected on the non- 
monitoring surface portion is arranged between the non- 
monitoring surface portion and the monitoring light-re- 
ceiving means. 

[0032] In the embodiment (1)-(b) of the optical 20 
waveguide modulator equipped with an output light 
monitor of the present invention, preferably with respect 
to the non-monitoring surface portion of the terminal sur- 
face of the reinforcing capillary, a means for intercepting 
the radiation mode light is provided in the reinforcing 25 
capillary and upstream of the non-monitoring surface 
portion. 

[0033] In an embodiment (2) of the optical waveguide 
modulator equipped with an output light monitor of the 
present invention, preferably, the optical waveguide of 30 
the optical waveguide element has a monitoring light- 
outputting optical waveguide portion connected to the 
waveguide-connecting portion, in addition to the output 
light-outputting optical waveguide portion, to thereby 
output the monitoring light through the output end of the 35 
monitoring light-outputting optical waveguide portion. 
[0034] In the embodiment (2) of the optical waveguide 
modulator equipped with an output light monitor of the 
present invention, preferably an end face of an optical 
fiber piece for outputting the monitoring light is connect- 40 
ed to the outputting end of the monitoring light-output- 
ting waveguide portion; 

the optical fiber piece for outputting the monitoring 
light is held in a groove for the monitoring light, which 
groove is formed in the reinforcing capillary and is longer 45 
than the optical fiber piece for outputting the monitoring 
light; an end face of the groove for the monitoring light, 
facing the output end face of the optical fiber piece for 
outputting the monitoring light constitutes a reflecting 
surface for the monitoring light, whereby the monitoring so 
light outputted through the output end of optical fiber 
piece for outputting the monitoring iight is reflected on 
the above-mentioned reflecting surface, and the reflect- 
ed monitoring light is received, as an outputted monitor- 
ing light, by the monitoring light-receiving means. 55 
[0035] In the embodiment (2) of the optical waveguide 
modulator equipped with an output light monitor of the 
present invention, preferably, the reflecting end face of 



the groove for the monitoring light is constituted by a 
light-reflecting membrane. 

[0036] In the embodiment (2) of the optical waveguide 
modulator equipped with an output light monitor of the 
present invention preferably, the optical fiber piece for 
the output monitoring light is formed from a multi-mode 
optical fiber. 

[0037] In the embodiment (2) of the optical waveguide 
modulator equipped with an output light monitor of the 
present invention, preferably, an X-coupler or a direc- 
tional coupler is arranged in the waveguide-connecting 
portion of the optical waveguide element, and the output 
light-outputting optical waveguide portion and the mon- 
itoring light-outputting optical waveguide portion are 
connected to the X-coupler or the directional coupler. 
[0038] in the embodiment (2) of the optical waveguide 
modulator equipped with an output light monitor of the 
present invention, preferably, the output light-outputting 
optical waveguide portion of the optical waveguide ele- 
ment is connected to the waveguide-connecting portion, 
and the monitoring light-outputting optical waveguide 
portion is connected to the output light-outputting optical 
waveguide portion through the directional coupler. 
[0039] In the embodiment (2) of the optical waveguide 
modulator equipped with an output light monitor of the 
present invention, preferably, an end face of the moni- 
toring light-outputting optical fiber piece is connected to 
an output end of the monitoring light-outputting optical 
waveguide portion; 

the monitoring light-outputting optical fiber piece is 
held in a hole or groove formed in the reinforcing 
capillary and is not longer than the monitoring light- 
outputting optical fiber; 

the hole or groove for the monitoring light formed in 
the reinforcing capillary inclines in a manner such 
that the fartherthe hole or groove forthe monitoring 
light from the connection surface between the rein- 
forcing capillary and the optical waveguide element, 
the fartherthe hole or groove forthe monitoring light 
from the hole or groove for the output light; and 
the output end face of the monitoring light-output- 
ting optical fiber piece is directed to the monitoring 
light-receiving means, whereby the monitoring light 
outputted from the output end face of the monitoring 
light-outputting optical fiber piece is received by the 
monitoring light-receiving means. 

[0040] In the embodiment (2) of the optical waveguide 
modulator equipped with an output light monitor of the 
present invention, preferably the monitoring light-out- 
putting optical fiber piece is formed from a multi-mode 
optical fiber. 

[0041] In the embodiment (2) of the optical waveguide 
modulator equipped with an output light monitor of the 
present invention, preferably an X-coupler or a direc- 
tional coupler is arranged in the waveguide-connecting 
portion of the optical waveguide element, andthe output 
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light-outputting optical waveguide portion and the mon- 
itoring light-outputting optical waveguide portion are 
connected to the X-coupler or the directional coupler. 
[0042] In the embodiment (2) of the optical waveguide 
modulator equipped with an output light monitor of the 
present invention, preferably the output light-outputting 
optical waveguide portion of the optical waveguide ele- 
ment is connected to the waveguide-connecting portion, 
and the monitoring light-outputting optical waveguide 
portion is connected to theoutput light-outputting optical 
waveguide portion through the directional coupler. 
[0043] In the embodiment (2) of the optical waveguide 
modulator equipped with an output light monitor of the 
present invention, preferably the monitoring light-out- 
putting optical waveguide portion of the optical 
waveguide element is connected, together with the out- 
put light-outputting optical waveguide portion, to the 
waveguide-connection portion connected to the plurality 
of surface waveguide portions, through a directional 
coupler, a cross-coupler structure or a TAP coupler 
structure; 
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the output end of the output light-outputting optical 
waveguide portion is connected to an input end of 
an optical fiber inserted into the hole or groove of 25 
the reinforcing capillary; 

the reinforcing capillary is formed from a light-inter- 
mitting material, to thereby enable the monitoring 
light outputted from the output end of the monitoring 
light outputting waveguide portion to pass and per- 30 
meate through the reinforcing capillary, to be re- 
flected on the light-reflecting surface portion provid- 
ed in the reinforcing capillary, and to be received by 
the monitoring light-receiving means; and 
the output end of the output light-outputting optical 3s 
waveguide portion and the output end of the moni- 
toring light-outputting optical waveguide portion are 
spaced from each other through a distance, the 
spacing distance being sufficiently large not to 
cause the monitoring light outputted from the mon- 40 
itoring light-outputting optical waveguide portion 
and intermitting through the reinforcing capillary to 
be affected by the output light outputted from the 
output end of the output light-outputting optical 
waveguide portion. 45 

[0044] In the embodiment (2) of the optical waveguide 
modulator equipped with an output light monitor of the 
present invention, preferably, the terminal surface of the 
reinforcing capillary is provided with a light-reflecting so 
surface portion which intersects an optical axis of the 
monitoring light-outputting optical waveguide portion at 
an oblique angle, to thereby enable the monitoring light 
outputted from the output end of the monitoring light- 
outputting optical waveguide portion and transmitted 55 
through the reinforcing capillary to be reflected on the 
light-reflecting surface portion toward the monitoring 
light-receiving means. 



[0045] In an embodiment (2) of the optical waveguide 
modulator equipped with an output light monitor of the 
present invention, preferably, the terminal surface of the 
reinforcing capillary is provided with a curved surface 
portion projecting outward, to thereby enable the moni- 
toring light transmitted through the reinforcing capillary 
to be reflected and converged on the curved surface 
portion and to be received by the monitoring light-receiv- 
ing means. 

[0046] In an embodiment (2) of the optical waveguide 
modulator equipped with an output light monitor of the 
present invention, preferably, at least a region of the por- 
tion of the terminal surface of the reinforcing capillary, 
which portion does not contribute to transmitting and 
outputting the monitoring light directed to the monitoring 
light-receiving means, is cut off. 
[0047] In an embodiment (2) of the optical waveguide 
modulator equipped with an output light monitor of the 
present invention, preferably, the light-reflecting surface 
portion of the terminal surface of the reinforcing capillary 
intersects the longitudinal axis of the hole for containing 
therein the output light-outputting optical fiber at an ob- 
lique angle, to thereby enable the radiation mode light 
reflected on the light reflecting surface portion is re- 
ceived, as monitoring light, by the monitoring light-re- 
ceiving means. 

[0048] In an embodiment (2) of the optbal waveguide 
modulator equipped with an output light monitor of the 
present invention, preferably, the reinforcing capiliary is 
in the form of a cylinder. 

[0049] In an embodiment (2) of the optical waveguide 
modulator equipped with an output light monitor of the 
present invention, preferably, the light-reflecting surface 
of the cylindrical reinforcing capillary enables the radia- 
tion mode light reflected on the light-reflecting surface 
to pass through the cylindrical reinforcing capillary and 
to be outputted, as monitoring light, through the periph- 
eral surface of the cylindrical reinforcing capillary, while 
the monitoring light is converged by the lens effect of 
the periphery of the cylindrical reinforcing capillary, and 
the converged monitoring light to be received by the 
monitoring light-receiving means. 
[0050] In the embodiment (2) of the optical waveguide 
modulator equipped with an output light monitor of the- 
present invention, preferably, in the terminal surface of 
the reinforcing capillary, a boundary line between the 
light-reflecting surface portion and the non-monitoring 
surface portion is located between a transmitting path 
of a portion of the radiation mode light forwarding to the 
light-reflecting surface portion and another transmitting 
path of another portion of the radiation mode light for- 
warding to the non-monitoring surface portion, and the 
boundary line is positioned between a center line of the 
terminal surface of the reinforcing capillary intersecting 
the longitudinal axis of the hole and extending in the 
same direction as that of the boundary line, and a tan- 
gential line extending in parallel to the center line and 
coming into contact with a portion of a periphery line of 
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the hole of the reinforcing capillary from which portion 
of the periphery line, the light-reflecting surface portion 
is formed. 

[0051] In the embodiment (2) of the optical waveguide 
modulator equipped with an output light monitor of the s 
present invention, preferably, the non-monitoring sur- 
face portion of the terminal surface of the reinforcing 
capillary is one formed in a manner such that a portion 
of the reinforcing capillary is cut off inward from the ter- 
minal surface of the capillary, while another portion of 10 
the reinforcing capillary having the light-reflecting sur- 
face portion of the terminal surface thereof is not cut off. 
[0052] In the embodiment (2) of the optical waveguide 
modulator equipped with an output light monitor of the 
present invention, preferably, the non-monitoring sur- *5 
face portion of the terminal surface of the reinforcing 
capillary is a non-light reflecting surface not capable of 
reflecting the radiation mode light. 
[0053] In the embodiment (2) of the optical waveguide 
modulator equipped with an output light monitor of the 20 
present invention, preferably, with respect to the non- 
monitoring surface portion of the terminal surface of the 
reinforcing capillary, a means for intercepting the radia- 
tion mode light reflected on the non-monitoring surface 
portion is arranged between the non-monitoring surface 25 
portion and the monitoring light-receiving means. 
[0054] in the optical waveguide modulator equipped 
with an output light monitor of the present invention, 
preferably, the optical waveguide element has a Si0 2 
layer formed on a portion of the optical waveguide other 30 
than an input end portion of the surface optical 
waveguide portion and the output end portions of the 
output light-outputting optical waveguide portion and the 
monitoring light-outputting optical waveguide portion. 

35 

BRIEF DESCRIPTION OF THE DRAWINGS 
[0055] 

Fig. 1(A) is a graph showing an applied voltage-light 40 
output characteristic curve of a conventional mod- 
ulator. 

Fig. 1(B) shows a form of optical waves of an RF 
signal inputted into the modulator having the char- 
acteristic properties as shown in Fig. 1 (A). 45 
Fig. 1 (C) shows a form of optical waves of an output 
signal outputted from the modulator having the 
characteristic properties as shown in Fig. 1(A). 
Fig. 1(D) shows an irregular form of optical waves 
of a signal outputted from the above-mentioned so 
modulator. 

Fig. 2 is an explanatory plan view showing a con- 
stitution of an embodiment of the conventional op- 
tical waveguide modulator equipped with an output 
light monitor. 55 
Fig. 3 is an explanatory plan view showing a con- 
stitution of another embodiment of the conventional 
optical waveguide modulator equipped with an out- 



put light monitor. 

Fig. 4(A) is an explanatory plan view showing a gen- 
eration of radiation mode light in an optical 
waveguide element having a plurality of surface 
waveguide portions and a waveguide-connection 
portion at which the surface waveguide portions are 
converged and connected to each other. 
Fig. 4(B) is an explanatory side view showing a gen- 
eration of the radiation mode light in the optical 
waveguide element shown in Fig. 4(A). 
Fig. 5 is an explanatory plan view showing a con- 
stitution of an embodiment of the optical waveguide 
modulator equipped with an output light monitor of 
the present invention. 

Fig. 6 is an explanatory front view showing the con- 
stitution of the optical waveguide modulator 
equipped with an output light monitor shown in Fig. 
5. 

Fig. 7 is an explanatory side view showing arrange- 
ments of a reinforcing capillary and an optical fiber 
and conditions of output light and radiation mode 
light at an output end face of the optical waveguide 
element of the modulator shown in Figs. 5 and 6. 
Fig. 8 is a graph showing embodiments of wave 
forms of the signal light and the monitoring light out- 
putted from the modulator shown in Figs. 5 and 6. 
Fig. 9 is an explanatory view showing a light-inci- 
dent surface region of a photoelectric conversion el- 
ement of the monitoring light-receiving means, to 
which region, the radiation mode light (monitoring 
light) reflected inthemodulatorshown in Figs. 5 and 
6 is inputted. 

Fig. 1 0 is an explanatory plan view showing a con- 
stitution of an important portion of the optical 
waveguide modulator equipped with an output light 
monitor of the present invention. 
Fig. 11 is an explanatory side view showing an ex- 
ample oftheform of a radiation mode light-reflection 
surface formed at a terminal of a reinforcing capil- 
lary of the optical modulator shown in Fig. 5. 
Fig. 12 is an explanatory plan view showing a con- 
stitution of another embodiment of the optical 
waveguide modulator equipped with an output light 
monitor of the present invention. 
Fig. 13 is an explanatory side view showing a con- 
stitution of an important portion of still another em- 
bodiment of the optical waveguide modulator 
equipped with an output light monitor of the present 
invention. 

Fig. 14 is an explanatory plan view showing a con- 
stitution of an important portion of further another 
embodiment of the optical waveguide modulator 
equipped with an output light monitor of the present 
invention. 

Fig. 15 is an explanatory partially cross-sectional 
front view showing a constitution of an important 
portion of the optical modulator of Fig. 1 4. 
Fig. 16 is a graph showing waveforms of main out- 
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put light and monitoring output light outputted from 
the optical modulator shown in Figs. 14 and 15. 
Fig. 17 is an explanatory cross-sectional view of the 
reinforcing capillary of the optical modulatorof Figs. 
14 and 15. 5 
Fig. 18(A) is an explanatory plan view showing an 
example of the form of a monitoring V-shaped 
groove of the reinforcing capillary of the optical 
waveguide modulator equipped with an output light 
monitor of the present invention. 10 
Fig. 18(B) is an explanatory cross-sectional front 
view of the monitoring V-shaped groove of Fig 1 8 
(A). 

Fig. 18(C) is an explanatory cross-sectional side 
view of the monitoring V-shaped groove of Fig. 18 is 
(A). 

Fig. 19(A) is an explanatory plan view showing a 
constitution of an embodiment of the optical 
waveguide portion of the optical waveguide ele- 
ment of the optical waveguide modulator equipped 20 
with an output light monitor of thepresent invention. 
Fig. 19(B) is an explanatory plan view showing a 
constitution of another embodiment of the optical 
waveguide portion of the optical waveguide ele- 
ment of the optical waveguide modulator equipped 25 
with an output light monitor of the present invention. 
Fig. 20(A) is an explanatory plan view showing a 
constitution of an example of optical waveguides 
which are practically unworkable. 
Fig. 20(B) is an explanatory plan view showing a 30 
constitution of another example of an optical 
waveguides which are practically unworkable. 
Fig. 21 is an explanatory plan view showing a con- 
stitution of an important portion of another embod- 
iment of the optical waveguide modulator equipped 35 
with an output light monitor of the present invention. 
Fig. 22 is an explanatory plan view showing a con- 
stitution of an important portion of still another em- 
bodiment of the optical waveguide modulator 
equippedwith an output lightmonitor of the present 40 
invention. 

Fig. 23 is an explanatory plan view showing a con- 
stitution of an important portion of further another 
embodiment of the optical waveguide modulator 
equippedwith an outputlightmonitorofthepresent 45 
invention. 

Fig. 24(A) is an explanatory plan view showing an 
example of the connection system between an out- 
put light waveguide portion and a monitoring light 
waveguide portion in the connection portion of a so 
plurality of surface waveguide portions with each 
other, in the optical waveguide element of the opti- 
cal waveguide modulator equipped with an output 
light monitor of the present invention. 
Fig. 24(B) is an explanatory plan view showing an- 55 
other example of the connection system between 
an output light waveguide portion and a monitoring 
light waveguide portion in the connection portion of 



a plurality of surface waveguide portions with each 
other in the optical waveguide element of the opti- 
cal waveguide modulator equipped with an output 
light monitor of the present invention. 
Fig. 24(C) is an explanatory plan view showing still 
another example of the connection system between 
an output light waveguide portion and a monitoring 
light waveguide portion in the connection portion of 
a plurality of surface waveguide portions with each 
other in the optical waveguide element of the opti- 
cal waveguide modulator equipped with an output 
light monitor of the present invention. 
Fig. 25 is an explanatory side view of a terminal por- 
tion of an embodiment of the reinforcing capillary of 
the optical waveguide modulator equipped with an 
output light monitor of the present invention. 
Fig. 26 is an explanatory schematic view showing 
a form of the reinforcing capillary of the optical 
waveguide modulator equipped with an output light 
monitor of the present invention. 
Fig. 27 is an explanatory plan view of another em- 
bodiment of the optical waveguide modulator 
equipped with an output light monitor of the present 
invention, and 

Fig. 28 is an explanatory front view of the optical 
waveguide modulator equipped with an output light 
monitor shown in Fig. 27. 

BEST MODE OF CARRYING OUT THE INVENTION 

[0056] As mentioned above, in the optical waveguide 
modulator, usually a drift in working point voltage, which 
is referred to as a temperature drift and a DC drift, occurs 
and thus it is necessary that the working point voltage 
is controlled in response to the output of the modulator 
to retain the working point in the same one point on a 
particular characteristic curve even when the drift oc- 
curs. This necessity will be explained below in referring 
to Figs. 1 (A) to 1 (D). In the form of waves 1 in the applied 
voltage-light output characteristic curve of a modulator, 
when a working point is located in a central point 2 of 
the wave form 1 , and an RF signal 3 as shown in Fig. 1 
(B) is applied to the modulator through a light-inputting 
optical fiber 22, the resultant light output has a form of 
waves 4 of signal shown in Fig. 1(C) which form is anal- 
ogous to that of the applied RF signal 3. In this case, 
when the form of waves of the characteristic curve is 
shifted to a form of waves 5 shown by dotted line in Fig. 
1 (A) due to a temperature drift and/or a DC drift, the re- 
sultant output waves take an irregular form 6 as shown 
in Fig. 1(D). 

[0057] However, even when the characteristic curve 
takes the wave form 5, the output wave form can be re- 
tained in the form of the wave 4 by controlling the applied 
DC voltage so that the working point is located in the 
central point 7 of the waves 5. 
[0058] Fig. 2 shows a constitution of an embodiment 
of the conventional optical waveguide modulator 
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equipped with an output light-feeding back controlling 
system. In Fig. 2, a modulator chip 9 of an optical 
waveguide modulator 8 is a substrate plate consisting 
of a LN orGaAs crystal, and on a surface portion of the 
substrate plate 9, a Mach-Zehnder type (MZ type) 5 
waveguide 8a comprising an input waveguide portion 
10, an Y-shaped separation portion 11. MZ arm 
waveguide portions 12, 13, a wave-combining device 14 
and output waveguide portion 15, is formed. Control 
electrodes 16, 16' are arranged close to the arm 10 
waveguide portions 12, 13. Between the electrodes 16 
and 16', a RF signal voltage 18 is applied from a RF 
signal-oscillator (electrode-control circuit 18a) through 
a connector 1 7, and in response to the applied RF signal 
18, the light transmitting through the waveguide 8a is 15 
phase-modulated and wave-combined in the wave- 
combining device 14. The output light changed in inten- 
sity as mentioned above is outputted from the output 
waveguide portion 1 5 through an optical fiber23 for out- 
put light. 20 
[0059] Separately, a DC voltage 21 is applied be- 
tween the electrodes 19 and 1 9' arranged respectively 
in series to the RF electrodes 16 and 16' through a DC 
terminal 20, to establish the working point of the modu- 
lation curve in a center point 2 of the RF signal 1 8. The 25 
input and output waveguide portions 1 0 and 15 are re- 
spectively connected to the input and output optical fib- 
ers 22 and 23. The output optical fiber 23 is connected 
to an optical coupler 25 located outside of the modulator 
modul 24. In the optical coupler 25, the output light is 30 
divided into a main signal light 25a and a branch light 
26. The main signal light 25a is outputted from the op- 
tical coupler 25, and the branch light 26 is inputted to a 
photoelectric conversion element 27 and converted to 
electric signal. The electric signal is inputted to a bias 35 
control circuit 28 and controls the DC voltage 21 in the 
circuit. By controlling the DC voltage 21 as mentioned 
above, even which a DC drift occurs, it becomes possi- 
ble to identify the working point on the modulation curve 
and to prevent straining of the modulation curve. 40 
[0060] However, in the conventional modulator as 
shown in Fig. 2, the optical coupler 25 and the photoe- 
lectric conversion element 27 are necessarily arranged, 
and this necessity causes the cost of the modulatorsys- 
tem to increase, the limitation on the dimensions and 45 
form of the system to be severe and the reliability of the 
system to decrease. 

[0061] Fig. 3 shows an explanatory plan view of an- 
other embodiment of the conventional optical 
waveguide modulator equipped with an output light so 
monitor. Referring to Fig. 3 : in an optical waveguide el- 
ement 30 of a modulator29, a Mach-Zehnder (MZ) type 
optical waveguide 32 and electrodes 33 for controlling 
the optical waveguide 32 are arranged on a dielectric 
substrate plate 31 , and an output signal light 34 is out- ss 
putted from an output end of the optical waveguide 32 
through an optical fiber 23. In the element 30, an optical 
waveguide portion 37 for monitoring light is connected 



to a portion of the waveguide 32 located downstream 
from a connection portion 35 through a directional con- 
nector 36, and a portion of the light outputted through 
the connection portion 35 is separated from the output- 
ted light and utilized as monitoring light. The optical 
waveguide portion 37forthe monitoring light is connect- 
ed at an output end thereof to an optical fiber 39 forthe 
monitoring light held by a reinforcing member 38 : and 
the monitoring light 37a outputted through theoptical fib- 
er 39 for the monitoring light is received by a light-re- 
ceiving element 40. From this light-receiving element 
40, a monitoring signal is outputted. 
[0062] Even in the modulator shown in Fig. 3, as the 
light-receiving element is arranged outside of the con- 
tainer case 41 in which the optical waveguide element 
is contained, and connected to the optical fiber for the 
monitoring light, the modulator is disadvantageous in 
that the cost of the modulator system is high, the limita- 
tion on the dimensions and form of the modulator is se- 
vere, and the reliability is insufficient. 
[0063] The optical waveguide modulator equipped 
with an output light monitor of the present invention com- 
prises: 

an optical waveguide element comprising a dielec- 
tric substrate and an optical waveguide formed on 
a front surface of the dielectric substrate, the optical 
waveguide comprising a plurality of surface optical 
waveguide portions, an optical waveguide connect- 
ing portion on which the surface optical waveguide 
portions are converged and connected to each oth- 
er and an output light-outputting optical waveguide 
portion connected to the optical waveguide-con- 
necting portion; 

an optical fiberfor output light, connected to an out- 
put end of the output light-outputting optical 
waveguide portion of the optical waveguide ele- 
ment: 

a reinforcing capillary for reinforcing a connection 
between the optical waveguide element and the 
output light-outputting optical fiber; and 
a means for receiving monitoring light, 

wherein 

the reinforcing capillary is provided with a hole or 
groove formed therein for containing and holding 
the optical fiber for output light, a connection sur- 
face thereof connected to an output end side sur- 
face of the substrate of the optical waveguide ele- 
ment, and a terminal surface thereof opposite to the 
connection surface, to thereby enable the reinforc- 
ing capillary to receive the monitoring light output- 
ted from the optical waveguide element through at 
least one member selected from the capillary itself 
and the optical fiberfor the monitoring light located 
in the capillary, to transmit the monitoring light 
therethrough and to output the monitoring light to 
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the outside of the capillary; and 
the monitoring light-receiving means is located in a 
position in which the monitoring light outputted from 
the reinforcing capillary to the outside of the capil- 
lary can be received, and is provided with a photo- 
electric conversion element. 



[0064] In an embodiment (1 ) of the optical waveguide 
modulator equipped with an output light monitor of the 
present invention, the reinforcing capillary is formed 
from a light-transmitting material, for example, a trans- 
parent glass, to thereby enable radiation mode light gen- 
erated in the optical waveguide connecting portion of the 
optical waveguide element to pass through the dielectric 
substrate and to be received by the light-transmittabie 
reinforcing capillary, and the radiation mode light out- 
putted from the reinforcing capillary to be received, as 
monitoring light by the monitoring light-receiving means. 
[0065] In an optical modulator, containing a Mach 
Zehnder type waveguide and being capable of output- 
ting ON/OFF signal, radiation mode light generated in 
an OFF mode condition, namely, a condition in which no 
light signal is outputted, is radiated in the substrate plate 
in an outwardly oblique direction with respectto the out- 
put light waveguide through which the optical signal out- 
put is guided. Usually, the radiation mode light passes 
through the substrate plate at a radiation angle of about 
0.7 degree while receding from the output waveguide 
portion, and finally is radiated from an end face of the 
substrate plate to the outside thereof. The quantity of 
the radiation mode light is in a complementary relation- 
ship with a quantity of the output signal light transmitting 
through the output light-outputting waveguide portion, 
and thus the light signal output can be monitored by de- 
tecting the radiation mode light. 
[0066] In the optical modulator, an optical fiber is con- 
nected to an end face of the substrate plate to receive 
an optical signal output from the optical waveguide and 
to introduce the optical signal output to the outside of 
the modulator. Since the optical fiber has a very small 
outer diameter of 125 fim, when the fiber is simply ad- 
hered to the substrate plate end face, the resultant 
bonding strength between the fiber and the end face is 
insufficient. Therefore, a reinforcing capillary is used as 
an optical fiber-reinforcing material to cover the optical 
fiber. Namely, by bonding an end surface of the reinforc- 
ing capillary to the end face of the substrate plate, the 
connection between the optical fiber and the optical 
waveguide can be reinforced and protected and the 
bonding strength between the optical fiber and the op- 
tical waveguide can be increased. Usually, the reinforc- 
ing capillary is made from a silicon material or a ceramic 
material. When the reinforcing capillary is produced 
from a material capable of transmitting the signal light 
and the radiation mode light therethrough, and has a 
size sufficiently large to receiving the radiation mode 
light radiated from the end face of the substrate plate, 
the radiation mode light can be introduced into the rein- 



forcing capillary. 

[0067] Referring to Figs. 4(A) and 4(B), the radiation 
mode light will be explained below. In Fig. 4(A), an op- 
tical waveguide 30 is formed on a dielectric substrate 
5 plate 31 . The optical waveguide 30 comprises an input 
portion (not shown) connected to a light input source 
(not shown), branched surface waveguide portions 42, 
43 branched from the input portion, output portions 44 
and 45 of the branched surface waveguide portions 42, 
« 43, a connection point 46 to which the output portions 
44, 45 are converged so that the light transmitted 
through the branched portions 42 and 44 and 43 and 45 
are combined with each other, while the light interferes, 
and an output portion 47 extending from the connection 
« part 46. When an RF signal is applied to electrodes (not 
shown) arranged close to the branched portions 42 and 
43, the optical phases of the light waves transmitting 
through the branched portions 42 and 43 differently 
change from each other, and thus when the light waves 
20 are combined with each other in the connection portion 
46, the combined light waves interfere with each other 
and the intensity of light changes in response to the RF 
signal, and resultant optical signal is outputted through 
the waveguide output portion 47. In this case, lightwhich 
25 is in a complementary relationship to the optical signal 
is radiated, as radiation mode lights 48 and 49 from the 
connection portion 46 into the substrate plate 31 and is 
transmitted through transmission paths 48 and 49 ex- 
tending in both sides of the output portion 47 in an ob- 
30 lique outward directions. 

[0068] The radiation mode lights 48 and 49 are higher 
mode lights than single mode light outputted from the 
output portion 47 of the optical waveguide 30. The radi- 
ation mode lights 48 and 49 are different in phase angle 
35 of 1 80 degrees from each other. 

[0069] In Fig. 4(B), an explanatory view of a right side 
endface, oftheopticalwaveguideelementshown in Fig. 
4(A), is shown. In Fig. 4(B), a signal light 50 passing 
through the output portion 47 of the optical waveguide 
40 and each of the radiation mode lights 48 and 49 trans- 
mitting through the radiation mode light-transmission 
pathes 48a and 49a make an angle of about 0.7 degree 
to each other. 

[0070] In an example of the embodiment (1 ) of the op- 
45 tical waveguide modulator equipped with an output light 
monitor of the present invention, the terminal surface of 
the reinforcing capillary formed from the light-transmit- 
table material is a light-reflective surface, to thereby en- 
able the radiation mode light radiated from the optical 
so waveguide connecting portion of the optical waveguide 
element to pass through the dielectric substrate of the 
optical waveguide element and the reinforcing capillary 
connected to the output end surface of the dielectric 
substrate, and to be reflected on the terminal light-re- 
55 flective surface, and the reflected radiation mode light 
to be received, as a monitoring light by the monitoring 
light-receiving means. 

[0071] Also, the reinforcing capillary is preferably in 
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the form of a cylinder made of a transparent glass. In 
the cylindrical transparent glass reinforcing capillary, 
preferably, the hole or groove for holding the optical fiber 
for the output light is formed along the longitudinal axis 
of the transparent glass cylindrical capillary, and the lon- 
gitudinal axis of the hole or groove intersects the light- 
reflective terminal surface at an oblique angle. 
[0072] Generally, a longitudinal axis of the hole or 
groove for holding therein an optical fiber for the output 
light preferably extends in a direction at a right angle to 
the connection end surface of the reinforcing capillary. 
In the case where the terminal surface of the reinforcing 
capillary (a surface of the reinforcing capillary opposite 
to the connection end surface on which the reinforcing 
capillary is connected to an output end surface of the 
optical waveguide element) is formed at an oblique an- 
gle to the longitudinal direction of the hole or groove for 
holding therein the optical fiber for the output light, the 
radiation mode light transmitted through the reinforcing 
capillary is reflected on the oblique terminal surface of 
the capillary, and is radiated to the outside of the rein- 
forcing capillary (in any of upward, downward, rightward 
and leftward directions different from the outputting di- 
rection of the output light. The radiated light can be de- 
tected by a monitoring light-receiving means, for exam- 
ple, a photodiode (PD) arranged in the optical 
waveguide element-containing case, separate from the 
optical waveguide element, the quantity of the radiation 
mode light can be determined and, thus, in response to 
the detected quantity of the radiation mode light, the 
quantity of the outlet light outputted from the optical 
waveguide can be monitored. 
[0073] By establishing the oblique angle and the ob- 
lique direction of the oblique terminal surface of the re- 
inforcing capillary, the reflection radiation direction of the 
radiation mode light can be established, and the light- 
receiving means can be located, fixed and connected at 
a position capable of receiving the radiated light. Thus, 
by establishing the oblique terminal surface of the rein- 
forcing capillary, the position of the light-receiving 
means can be selected so that the function of the optical 
waveguide element and the arrangement of each part 
member are not affected by the light-receiving means. 
The oblique terminal surface of the reinforcing capillary 
is optionally covered by a light-reflective membrane 
formed from a metallic material or a dielectric material, 
to thereby enable the reflection efficiency of the radia- 
tion mode light to be enhanced. The light-reflective 
membrane can be formed by sputtering metallic alumi- 
num. 

[0074] The optical waveguide of the optical 
waveguide element for the present invention is provided 
with a plurality of surface waveguide portions, a 
waveguide-connecting portion in which the surface 
waveguide portions are connected to each other, and 
an output waveguide portion connected to the 
waveguide-connecting portion, and they are formed in 
the surface portion of the dielectric substrate. The plu- 



rality of surface waveguide portions may be branched 
from a light input waveguide portion, or may be those 
capable of receiving light at the end faces thereof oppo- 
site to the waveguide connection portion. 
5 [0075] The output end of the optical waveguide is con- 
nected to an end face of an output light-outputting opti- 
cal fiber. The connecting end portion of the optical fiber 
is reinforced by a reinforcing capillary. The reinforcing 
capillary has a size sufficient to receive the radiation 
10 mode light radiatedfrom the optical waveguide and pass 
the radiation mode light therethrough. The reinforcing 
capillary has an end face thereof bonded to an output 
end face of the optical waveguide element to provide a 
connection end face, and an opposite terminal surface 
*5 inclined with respect to the connecting end face to pro- 
vide an inclined terminal surface. As mentioned above, 
the reinforcing member has a hole or groove through 
which the connection end face and the inclined terminal 
surface are connected to each other and in which the 
20 output light-outputting optical fiber is held. The hole or 
groove is formed along the longitudinal axis of the rein- 
forcing capillary and the longitudinal axis and the in- 
clined terminal surface intersect each other at an ob- 
lique angle. The groove may be covered afterthe optica! 
25 fiber is placed in the groove, or not covered. The end 
face of the optical fiber held in the hole or the groove of 
the reinforcing capillary is connected to the output end 
face of the optical waveguide, as mentioned above. 
[0076] Fig. 5 is an explanatory plan view showing a 
30 constitution of an embodiment of the optical waveguide 
modulator equipped with an output light monitor of the 
present invention, in which no ceiling plate is shown. Fig. 
6 is an explanatory front view of the modulator of Fig. 7, 
and Fig. 7 is an explanatory side view showing the con- 
stitution of the connection part of the end face of the 
optical waveguide element of the modulator of Figs. 5 
and 6 with the optical fiber and the reinforcing member. 
[0077] In Figs. 5, 6 and 7, on a substrate plate 51 of 
an optical waveguide element, a Mach-Zehnder type 
40 (MZ type) optical waveguide 52 and electrodes 53 for 
controlling the waveguide are arranged, and an output 
signal light 54 is outputted from the output end of the 
optical waveguide 52. Radiation mode light 56 is radiat- 
ed from the connecting portion 55 of the optical 
« waveguide 52, passes through the substrate plate 51 
and is radiated toward the outside of the substrate plate 
51. 

[0078] The modulator is contained in a modulator box 
57, input light 58 is inputted into the optical waveguide 

w 52 through an input side optical fiber 59. The optical fiber 
59 is supported and reinforced with an input side fiber- 
reinforcing member 60, and an end of the optical fiber 
59 is connected to an input end of the optical waveguide 
52. The control electrodes 53 are controlled by control 

>5 signal which is inputted into the electrodes through a 
connector 61 for inputting the control signal and output- 
ted therefrom through a connector 62 for outputting the 
signal. 
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[0079] The output end face of the optical waveguide 
element is connected to a connecting end face of the 
reinforcing capillary 63, to enable the radiation mode 
light 56 transmitted through the substrate plate 51 to be 
introduced into the inside of the reinforcing capillary 63. 5 
The radiation mode light 56 is reflected on an inclined 
terminal surface 64 of the reinforcing capillary 63 and is 
radiated toward the outside of the reinforcing capillary. 
The radiated radiation mode light is received by a light- 
receiving means 66 and is monitored. The monitor sig- w 
nal outputfrom the light-receiving means 66 is outputted 
through a connector 67 located on the box 57. A light- 
outputting optical fiber 68 is supported in a hole formed 
in the reinforcing capillary 63, and an end face of the 
optical fiber 68 is connected to an output end face of the is 
optical waveguide 52. 

[0080] In the input end portion of the optical 
waveguide element shown in Figs. 5, 6 and 7, an end 
face of the input side optical fiber 59 is connected to an 
input end face of the optical waveguide 52, and these 20 
connecting portions are reinforced by an input side re- 
inforcing member 60. Input light 58 is inputted into the 
optical waveguide 52 through the optical fiber 59. 
[0081] The above-mentioned members connected 
with each other are contained in the box 57, and an up- 25 
per opening of the box is closed and sealed with a ceiling 
plate (not shown in Figs. 5 to 7). 
[0082] The other ends of the input side and output 
side optical fibers are extended to the outside of the box 
through fiber guide holes formed in the box. The fiber 30 
guide holes may be sealed, or the above-mentioned 
members placed in the box may be fixed to the box and 
the ceiling plate and holes formed in the box may not be 
sealed. 

[0083] In the modulator of the present invention, 35 
where the radiation mode light is utilized as a monitoring 
light, the reinforcing capillary is formed from a radiation 
mode light-transmitting material. The reinforcing capil- 
lary used forthis case is formed from transparent silicon 
materials (silicon single crystal), glass materials (for ex- 40 
ample, guartz glass or boro-silicate glass), or ceramic 
materials. There is no specific limitation to the form and 
the dimensions of the reinforcing capillary, as long as 
the resultant reinforcing capillary is usable for monitor- 
ing the radiation mode light. Preferably, the reinforcing *s 
capillary is in the form of a cylinder having a hole. The 
hole or groove of the reinforcing capillary for supporting 
the optical fiber is preferably formed along the longitu- 
dinal axis of the cylindrical reinforcing capillary, and the 
longitudinal axis intersects the inclined end face of the 50 
cylindrical reinforcing capillary at an oblique angle. 
[0084] The radiation mode light reflected on the light 
reflective terminal surface of the cylindrical reinforcing 
capillary having the hole is transmitted toward a periph- 
ery of the capillary and then is outputted as a monitoring 55 
light through the periphery of the cylindrical reinforcing 
capillary; the outputted monitoring light is converged by 
a lens effect of the periphery of the cylindrical reinforcing 



capillary; and the converged monitoring light is received 
by the monitoring light-receiving means. 
[0085] As shown in Fig. 6, a first strain-preventing 
groove 69 is formed on a portion of the bottom surface 
of the reinforcing capillary 63 and close to the connec- 
tion surface of the reinforcing capillary, and a second 
stain-preventing groove 70 is formed on a portion of the 
bottom surface of the reinforcing capillary and close to 
the inclined terminal surface of the reinforcing capillary. 
The first stain-preventing groove 69 can receive therein 
an excessive amount of an adhesive agent applied be- 
tween the connection surfaces of the reinforcing capil- 
lary and the optical waveguide element to prevent stain- 
ing of the periphery of the reinforcing capillary through 
which the radiation mode light is outputted. Also, the 
second stain-preventing groove 70 can receive therein 
an excessive portion of an adhesive agent applied be- 
tween the optical fiber for the output light and the hole 
or groove of the reinforcing capillary to prevent staining 
of the periphery of the reinforcing capillary through 
which the radiation mode light is outputted. 
[0086] Also, in an embodiment of the modulator of the 
present invention, the terminal surface of the reinforcing 
capillary may be formed into a curved surface projecting 
outward to thereby enable the monitoring light transmit- 
ted through the reinforcing capillary to be reflected and 
converged on the curved terminal surface, and then to 
be received by the monitoring light-receiving means. 
[0087] The above-mentioned optical waveguide mod- 
ulator equipped with an output light monitor of the 
present invention exhibits the following advantages. 

(1) The structure is simple. 

Namely, in the modulator equipped with the out- 
put light monitor of the present invention, the form 
and constitution of the light intensity modulator and 
the assembling method and technique for the opti- 
cal elements are the same as those having no out- 
put light-monitorandthus no new technology is nec- 
essary. 

(2) The monitoring output light is transmissible 
through space and thus no optical fiberfortransmit- 
ting the monitoring light is necessary. 

Thus when the optical waveguide element is 
placed in and fixed to the box, specific procedures 
for connecting an optical fiber to a waveguide for 
outputting the monitoring light, for fixing the light- 
receiving means to the optical waveguide element 
and for distributing electric circuits for the light-re- 
ceiving means, are unnecessary. Also, the light-re- 
ceiving means and electric circuits thereof can be 
preliminarily arranged in the box. Further, no spe- 
cific design for carrying out the above-mentioned 
procedures is necessary for the box. 

(3) The monitoring light can be radiated in any di- 
rection. 

Thus, the location of the light-receiving means 
can be freely established and, thus, as the light-re- 
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ceiving means can be arranged in open space in 
the box, no specific design for arranging the light- 
receiving means in the box is necessary. 
(4) The radiation mode light is utilized. 

The radiation mode light which is usually not 
utilized for non-light intensity modulator is utilized 
as monitoring light, and thus not only no specifically 
designed portion of the optical waveguide element, 
for example, a branched portion of the optical 
waveguide for outputting the monitoring light, is 
necessary, but also no increase in lighttransmission 
loss which is a possible problem of the modulator 
does not occur. 



[0088] Accordingly, the conventional type of light in- 
tensity modulator can be used for the modulator 
equipped with the output light monitor without arranging 
the branched portion of the optical waveguide element 
for the monitoring light and the lens for picking up the 
monitoring light. 

[0089] in another example of the embodiment (1) of 
the optical waveguide modulator equipped with an out- 
put light monitor of the present invention, the terminal 
surface of the reinforcing capillary formed from the light- 
transmittable material is provided with a surface portion 
in which the monitoring light is reflected and a non-mon- 
itoring surface portion, whereby when the radiation 
mode light radiated from the optical waveguide connec- 
tion portion of the optical waveguide element through 
both side portions of the output light-outputting optical 
waveguide portion transmit through the dielectric sub- 
strate of the optical waveguide element and the reinforc- 
ing capillary connected to the output end surface of the 
dielectric substrate, only a portion of the radiation mode 
light radiated to one side portion of the output light-out- 
putting optical waveguide portion is reflected on the 
monitoring light-reflecting surface portion of the rein- 
forcing capillary toward the monitoring light-receiving 
means, received as a monitoring output light by the 
monitoring light-receiving means, and another portion 
of the radiation mode light which reaches the non-mon- 
itoring surface portion is not received as a monitoring 
light by the monitoring light-receiving means. 
[0090] In this case, preferably, the terminal reflecting 
surface portion of the reinforcing capillary intersects the 
direction of the longitudinal axis of the hole or groove in 
which the output light-outputting optical fiber is received, 
at an oblique angle, to thereby enable the radiation 
mode light reflected on the terminal reflecting surface 
portion to be received, as monitoring light, by the mon- 
itoring light-receiving means. 
[0091] Also, the reinforcing capillary is preferably in 
the form of a cylinder having a hollow as a hole as men- 
tioned above. In this case, the portion of the radiation 
mode light reflected on the reflecting surface portion of 
the cylindrical reinforcing capillary is outputted, as mon- 
itoring light, through the periphery of the cylindrical re- 
inforcing capillary, and the converged by the lens effect 



of the periphery of the cylindrical reinforcing capillary, 
and the converged monitoring light is received by the 
monitoring light-receiving means. 
[0092] Fig. 8 shows an example of waveforms of light 
5 reflected on the reflecting terminal surface, and moni- 
tored by and outputted from the light-receiving means 
in the modulator as shown in Figs. 5 and 7. In Fig. 8 t a 
curve 71 shows a waveform of the light signal 54 out- 
putted through the output optical fiber 68, and a curve 
« 72 shows a waveform of the light when the reflected ra- 
diation mode light 65 is monitored by a photoelectric 
conversion element of the light receiving means 66. The 
optical waves 71 and 72 different from each other are in 
a supplementary relation to each other. 
'5 [0093] Inthemodulatorshownin Figs. 5 to 7, a portion 
of the radiation mode light reflected on a lower half por- 
tion of the reflecting terminal surface of the reinforcing 
capillary 63 and close to the light receiving means 66 
and another portion of the radiation model light reflected 
20 onan upper half portion ofthe reflectingterminalsurface 
of the capillary 63 and farfrom the light receiving means 
66 are respectively introduced into incidence rectangu- 
lar areas 73 and 74, as shown in Fig. 9, of the light re- 
ceiving surface ofthe light receiving means 66. When 
25 portions of the rectangular area 73 and 74 are over- 
lapped on each other, portions of the radiation mode 
light introduced into an overlapped area 75 interfere with 
each other, and thus a problem such that the monitoring 
light output of the photoelectric conversion element in 
30 the light receiving means varies due to disturbances, 
such as environmental temperature and others, may oc- 
cur. 

[0094] This problem can be resolved by the following 
manner. 

35 [0095] In an optical waveguide modulator equipped 
with an output light monitor of the present invention as 
shown in Fig. 10, a monitoring light-reflecting surface is 
formed in a half portion of the terminal surface of a re- 
inforcing capillary and a non-monitoring surface for not 
40 allowingthe radiation mode lightto be received by a light 
receiving means is formed in another half portion ofthe 
terminal surface, to thereby enable a portion of the ra- 
diation mode lighttransmrtting through the inside portion 
63a of the capillary 63 to be reflected only on about half 
« portion ofthe terminal surface of the reinforcing capillary 
63 toward the light receiving means (photoelectric con- 
version element) and to be received by the light receiv- 
ing means. 

[0096] In Fig. 1 0, an end surface 76a ofthe output end 
50 portion of the substrate plate 51 and of the output end 
portion of a reinforcing member 76 adhered to the sub- 
strate plate 51 is formed at an oblique angle, for exam- 
ple, of 5 degrees, from a plane 47a at a right angle with 
respect to a longitudinal center axis of a optical 
55 waveguide output portion 47. 

[0097] The capillary 63 has a longitudinal center axis 
extending at an oblique angle from the longitudinal di- 
rection of the optical waveguide output portion 47, and 
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thus the output end of the optical waveguide output por- 
tion 47 and a connection end of an optical fiber (not 
shown in Fig, 10) are connected to each other at an ob- 
lique angle to each other. For example, an end face 76a 
of the reinforcing member 76 and a plane 78a formed 5 
at right angles with respect to the longitudinal center axis 
78 of the hole 77 for the optical fiber of the reinforcing 
capillary 63 make an oblique angle of 7 degrees. 
[0098] In Fig. 1 0, a reflecting surface is formed on an 
upper half portion 79 (namely an about half portion close 10 
to the light receiving means 66) of the terminal surface 
of the capillary 63 and only a portion of the radiation 
mode light 80 reflected on the upper half reflecting sur- 
face portion 79 is received by the light receiving means 
66. A lower half portion of the terminal surface of the 15 
reinforcing capillary 63 is cut, as shown in Fig. 10 : to a 
depth W from the terminal surface, and a terminal lower 
half portion 81 of the reinforcing capillary 63 is removed 
to a depth F from the periphery of the capillary 63. Due 
to the removal of the portion 81 , on a terminal surface 20 
portion 82 formed in the lower portion of the reinforcing 
capillary 63, the radiation mode light is reflected in a di- 
rection shown by an arrow 82a, and thus the reflected 
radiation mode light is not received by the light receiving 
means 66. For this reasons, a portion of the radiation 25 
mode light reflected on the lower half portion of the ter- 
minal surface of the reinforcing capillary is not received 
by the light receiving means and thus no interfering sur- 
face area such as surface area 75 shown in Fig. 5 is 
formed. Therefore, the monitoring light outputted from 30 
the photoelectric conversion element of the light receiv- 
ing means is stabilized. 

[0099] As angle between the terminal reflecting sur- 
face 79 and the longitudinal center axis 77a of the hole 
77 is established so that the reflected light can be re- 35 
ceived by the light receiving means 66, preferably in the 
range from 40 to 46 degrees. The length of the reinforc- 
ing capillary 63 is established so that the optical fiber 
can be steadily held in the capillary, preferably in the 
rangefrom2to 4mm, and the diameter of the reinforcing 40 
capillary 63 is established so that a reflecting terminal 
surface necessary to enable the light receiving means 
to receive a desired amount of the radiation mode light 
can be formed and, usually, the diameter of the reinforc- 
ing capillary 63 is preferably in the range of from 0.25 to 45 
2.5 mm. The radiation mode light reflected on the re- 
flecting surface 79 of the reinforcing capillary 63 prefer- 
ably enters, as an incident light, into a light receiving 
surface of the photoelectric conversion element of the 
light receiving means at approximately a right angle to so 
the light receiving surface. 

[0100] The periphery of the reinforcing capillary is 
preferably in the form of a cylindrical periphery. In this 
case, the periphery surface of the capillary exhibits a 
lens effect of a circular cylinder periphery having a finite 55 
(limited) focal distance. Preferably, the light receiving 
surface of the photoelectric conversion element is ar- 
ranged on or around the focus of the lens to thereby 



make the S/N better. 

[0101] By the removal of the lower half portion 81 of 
the terminal surface portion of the reinforcing capillary 
63, as shown in Fig. 10, the following advantages can 
be obtained. 

(1) For the purpose of passing the optical fiber 76 
through the hole 77 of the reinforcing capillary 63, 
the diameter of the hole 77 is preferably as large as 
possible. However, since the angle of radiation of 
the radiation mode light is about 0.7 degree which 
in small, for the purpose of causing the radiation 
mode light to transmit through the inside 63a of the 
capillary, the diameter of the hole is preferably as 
small as possible. Accordingly, the hole is formed 
at an inside diameter of 1 \irr\ largerthan the outside 
diameter of the optical fiber. In this case, when 
whole the terminal surface of the reinforcing capil- 
lary is in the form of an inclined surface, as shown 
in Figs. 5 and 6, it is very difficult to introduce the 
optical fiber into the hole. Also, usually, to make 
easy the introduction of the optical fiber into the 
hole, usually a tapered portion is formed in the op- 
tical fiber introduction portion of the hoi. However, 
the tapered optical fiber-introduction portion cannot 
be employed due to the same reasons as men- 
tioned above. However, when the structure shown 
in Fig. 10 is used, a portion of the hole facing the 
removed portion 81 can work as a groove for intro- 
ducing the optical fiber into the hole, and can guide 
the optical fiber and can cause the introduction of 
the optical fiber into the hole to be easy. 
(2) Also, the optical fiber is adhered and fixed with 
an adhesive in the hole of the reinforcing capillary 
after alignment of the fiber to reinforce the fiber. In 
this case a problem such that the adhesive stains 
the reflecting terminal surface of the capillary, and 
the reflecting property of the terminal surface is var- 
ied, may occur. The vacant portion 81 serves as a 
trap for the adhesive to prevent the staining of the 
reflecting terminal surface 79. 

[0102] In the terminal surface of the reinforcing capil- 
lary 63, to cause the vacant portion 81 of the reinforcing 
capillary 63 to exhibit the above-mentioned effects, pref- 
erably, a boundary line between approximately a half 
portion of the terminal surface of the reinforcing capillary 
which serves as a reflecting surface and another ap- 
proximately half portion of theterminal surface is located 
between a transmitting path of a portion of the radiation 
mode light which transmits toward the light-reflecting 
terminal surface portion and another transmitting path 
of another portion of the radiation mode light which 
transmits toward the anotherportion of theterminal sur- 
face; and the boundary line is positioned between a 
center line of theterminal surface of the reinforcing cap- 
illary intersecting the longitudinal axis of the hole and 
extending in the same direction as that of the boundary 
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line, and a tangential line extending in parallel to the 
center line and coming into contact with a portion of a 
periphery lineof the hole of the reinforcing capillary from 
which portion of the periphery line, the light-reflecting 
surface portion is formed. Namely, in Fig. 10, in view of 
a cross-section at a right angle to the longitudinal center 
axis of the hole of the reinforcing capillary 63, as shown 
in Fig. 11, it is preferable that a boundary line 83 be- 
tween the half portion forming the reflecting surface 79 
and the vacant portion 81 be located between the trans- 
mitting paths 48a and 49a of the radiation mode light, 
and also between the center line 84 intersecting the 
center axis 77a of the hole 77 and the tangential line 85 
coming into contact with the periphery line of the hole 
77. In the other words, in Fig. 1 0, the cutting depth F of 
the vacant portion from the periphery of the reinforcing 
capillary, the radins R of the reinforcing capillary and the 
radins r of the hole preferably satisfy the following rela- 
tionship. 

R ^ F ^ R + r 

[0103] The reinforcing capillary 63 and the hole 77 are 
preferably in a concentric relationship with each other. 
However, optionally, they are in a slight excentrical re- 
lationship to each otherto an extent such that the result- 
ant reinforcing capillary can effect the desired reflection 
for the radiation mode light. Also, the cutting depth W 
from the terminal surface of the reinforcing capillary for 
forming the vacant portion 81 can be established as de- 
sired, and is preferably in the range of from 0.2 to 1 mm, 
so that both the easy of the cutting procedure and the 
mechanical strength of the resultant reinforcing capillary 
are satisfactory. Further, to remove the influence of re- 
flection of the radiation mode light on the interface 76a 
between the reinforcing member 76 and the substrate 
plate 51 , preferably the interface 76a is formed with an 
oblique angle of about 5 degrees with respect to the 
plane 47a which is normal to the optical waveguide out- 
put portion 47 and with an oblique angle of about 7 de- 
grees with respect to the plane 78a which is normal to 
the longitudinal direction of the hole 77 of the reinforcing 
capillary 77. 

[0104] On the radiation mode light-reflecting terminal 
surface portion 79 of the reinforcing capillary 63, a light 
reflective membrane is preferably formed by depositing 
a metal membrane, for example, gold, chromium or alu- 
minum membrane or a dielectric multi-layered mem- 
brane, for example: formed from at least one Ti0 2 layer 
and at least one Si0 2 layer alternately laminated on 
each other, to enhance the reflectance of the reflecting 
terminal surface. 

[0105] The terminal surface of the reinforcing capillary 
optionally has a portion thereof formed into a curved sur- 
face projecting outward, to thereby enable the monitor- 
ing light passing through the reinforcing capillary to be 
reflected on the curved surface portion of the terminal 



surface, and to be converged into and received by the 
monitoring light receiving means. 
[0106] As a photoelectric conversion element of the 
light receiving means, a photosemiconductor diode 
5 (PD) is preferably employed. In this case, the radiation 
mode light is received by the PD, the received light is 
converted to electric signal by the PD, and an electric 
signal is outputted from the PD. 
[0107] Fig. 12 shows another embodiment of the op- 
10 ticalmodulatorofthepresentinvention. InFig. 12,asub- 
strate plate 51 formed from a strong dielectric material, 
for example, LiNb0 3 is fixed in a box (case) 57, an op- 
tical waveguide 52 is formed in the surface portion of 
the substrate plate. The optical waveguide 52 has an 
*5 optical waveguide input portion 86, branched portions 
87 and 88 branched from the input portion 86, output 
portions 44 and 45 of the branched portions 87 and 88, 
connecting portion 46 of the branched portions, and out- 
put portion 47, and electrodes 53 and 53a are arranged 

20 on the branched portions 87 and 88. An input portion- 
reinforcing member 89 is arranged in the input end por- 
tion of the substrate plate 51 , an input side capillary 90 
is connected to the input end face of the substrate plate 
(however, in Fig. 12, the capillary 90 and input end face 

25 of the substrate plate 51 are spaced from each other), 
an input side optical fiber 91 is introduced into a hole 
(not shown in Fig. 12) of the reinforcing capillary 90, and 
an end face of the optical fiber 91 is connected to the 
input end face of the optical waveguide input portion 86. 

30 [0108] The optical waveguide output portion 47 is 
connected to the output side reinforcing capillary 63 and 
the output side optional fiber 78, in the same manner as 
in Fig. 10. 

[0109] When light is inputted into the optical 
35 waveguide input portion 86 through the input side optical 
fiber 91 reinforcing by the reinforcing member 90, the 
inputted light is distributed to the branched portions of 
87 and 88, and an electric signal 92 is applied to the 
electrodes 53 and 53a through, for example, a connec- 
40 tor 93 arranged on a side surface of the box 57, the op- 
tical phase of the light waves transmitting through the 
branched portions 87 and 88 varies in response to the 
applied signal, the lightwaves are incorporated to each 
other in the connecting portion 46, and interfere with 
^5 each otherto generate signal light. The signal light gen- 
erated by the interference is outputted to the outside of 
the box 57 through the optical fiber 78 reinforced by the 
capillary 63. 

[0110] In two portions 48 and 49 of the radiation mode 
50 light radiated at the connecting portion 46 to the two 
sides of the optical waveguide output portion for the out- 
put light in the substrate plate 51, the radiation mode 
light portion 48 is transmitted through the inside 63a of 
the capillary 63 and is reflected on the reflecting surface 
* 5 79formed in an upperhalf portion of the terminal surface 
of the capillary 63, the reflected light portion is con- 
verged on the cylindrical periphery of the capillary 63 
and is radiated in a direction approximately at a right 
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angle to the output portion 47 of the optical waveguide 
namely a direction substantially normal to the side sur- 
faces of the box 57. The radiated light beam 94 is re- 
ceived by a light receiving surface of a light receiving 
means 66 (photoelectric conversion element, PD) ar- s 
ranged at an angle which is substantially normal to the 
light beam 94 and which does not allow a portion of the 
light beam reflected on the light receiving surface to re- 
turn to the reflecting surface of the capillary, and fixed 
on the side surface of the box 57. ic 
[01 1 1] The received radiation mode light signal is con- 
verted to electric signal by the photoelectric conversion 
element and the resultant electric signal 95 isoutputted, 
as output light monitoring signal, to the outside of the 
box 57 through a connector 96. 15 
[0112] The radiation mode light 49 radiated from the 
connecting portion 46 passes through the inside 63a of 
the capillary 63 and reaches the end face 82 of the va- 
cant portion 81 formed in the lower half portion of the 
terminal portion of the capillary 63 and is reflected on 20 
the end face 82 in a direction in which the reflected light 
does not reach the light receiving means 66. 
[0113] The monitoring function as mentioned above 
can be obtained by an optical element having, for ex- 
ample, a Mach-Zehndertype optical waveguide in which 25 
branched portions are incorporated with each other at 
a Y-shaped connection. 

[0114] In the optical modulator of the present inven- 
tion, the constitution of the non-monitoring half portion 
in theterminalsurfaceofthelight-outputside reinforcing 30 
capillary so that a portion of the radiation mode light 
transmitted through the light-output side reinforcing cap- 
illary is not received by the photoelectric conversion el- 
ement of the light-receiving means, is not limited to the 
embodiments as shown in Figs. 10, 11 and 12. Thenon- 35 
monitoring half portion may be formed by a nonreflective 
surface forthe radiation mode light, orthe portion of the 
radiation mode light reflected on the non-monitoring half 
portion may be intercepted by a light-intercepting means 
arranged between the periphery of the capillary and the 40 
photoelectric conversion element, or a means for inter- 
cepting the portion of the radiation mode light transmit- 
ting through the inside of the capillary toward the non- 
monitoring half portion of the terminal surface, for ex- 
ample, a light-intercepting concavity or a light-intercept- 45 
ing plate, may be arranged or formed in the inside of the 
reinforcing capillary. 

[0115] In Figs. 10, 11 and 12, an embodiment of the 
optical modulator in which, to reduce the reflection of 
the radiation mode light on the end face of the substrate so 
plate, the end face of the substrate plate is inclined at 
an angle of about 5 degrees in the surface direction (hor- 
izontal direction) of the substrate plate, from a plane nor- 
mal to the extending direction of the optical waveguide 
output portion 47, is explained. In case where the end 55 
face of the substrate plate is inclined with respect to the 
surface of the substrate plate, the capillary is formed as 
shown in Fig. 13, to make the forming of the capillary 



easy. 

[0116] In Fig. 13, a substrate plate 51 and a reinforc- 
ing member 76 for the substrate plate are arranged on 
a bottom surface of a box 57 and supported by a sup- 
porting member 57a, the output side end faces of the 
substrate plate and the reinforcing member is formed at 
an inclined angle from a plane normal to the surface of 
the substrate plate 51 , and the inclined output side end 
face of the substrate plate 51 is connected to an end 
face of a reinforcing capillary 63 in such a manner that 
a longitudinal center line of a hole (not shown) of the 
reinforcing capillary is inclined at an angle of 42 to 48 
degrees from the surface of the substrate plate. A ter- 
minal surface 79 of the reinforcing capillary 63 is imag- 
inary divided into two half parts (in this case, a right half 
part and a left half part) by a intersecting line of the ter- 
minal surface 79 with a plane parallel to a vertical plane 
including the longitudinal center line of the hole of the 
capillary 63, a half part of the terminal surface 79 is em- 
ployed as a reflecting surface portion, and a portion of 
the radiation mode light reflected on the reflecting sur- 
face portion is converged by the cylindrical periphery of 
the capillary, and the converged light beam is received 
by a light-receiving surface of a photoelectric conversion 
element of the light receiving means 66 (arranged, for 
example, on the bottom surface of the box 57). The other 
half part of the terminal surface of the reinforcing capil- 
lary is a non-monitoring surface portion. A boundary line 
between the reflecting surface portion and the non-mon- 
itoring surface portion is preferably established in the 
same manner as shown in Fig. 11, and the non-moni- 
toring surface portion may be established in a manner 
as mentioned above. 

[0117] The optical waveguide modulator equipped 
with an output light monitor of the present invention, as 
shown in Figs. 10 to 13, exhibits the following advantag- 
es. 

(1) The constitution of the modulator is simple. 
Namely, the form and constitution of the optical 

intensity modulator element and production method 
and technique oftheelementarethesameas those 
of the conventional element having no monitor, and 
thus no new technology is necessary. 

(2) The monitoring output light is transmitted 
through space and thus no light guiding optical fiber 
is necessary forthe monitoring output light, 

Thus, when the optical waveguide element is 
joined in the box, no connection of an optical fiber 
with a monitoring light-outputting optical waveguide 
and no connection of a light receiving element to an 
optical waveguide element, no circuit arrangement 
and no other specific operations are necessary. Al- 
so, the light receiving element and circuit thereof 
can be arranged in the box before the optical 
waveguide element is fixed in the box. Also, no spe- 
cific design of the box for carrying out the above- 
mentioned operations is necessary. 
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(3) The monitoring light can be radiated in a desired 
direction. Accordingly, the light receiving element 
can be freely located in a desired position. Namely, 
the light receiving element can be located in any va- 
cant portion of the box. No specific design of the 5 
box is necessary to locate the light receiving ele- 
ment in the box. 

(4) Radiation mode light is utilized. 

The radiation mode light which is usually wast- 
ed in the conventional optical intensity modulator, 10 
is utilized as monitoring light, and thus, not only 
does the optical waveguide element need no spe- 
cifically designed portions such as branched por- 
tions for outputting the monitoring light, but also, no 
increase in transmission loss of light, which is im- is 
portantforthe modulator, occurs. 

Therefore, the conventional type of optical in- 
tensity modulator can be utilized in the present in- 
vention without modification, and no branched por- 
tions of the optical waveguide for the monitoring 20 
light and no lens for taking out the monitoring light 
is necessary. 

(5) Disturbance variation in monitoring light output 
due to environmental weather is little or none and 
thus the monitoring can be precisely effected. 25 

[0118] Namely, in the optical waveguide modulator 
equipped with an output light monitor of the present in- 
vention, the radiation mode light is utilized as monitoring 
light, and thus, a monitoring light-detecting means hav- 30 
ing a simple constitution can be easily arranged, and the 
variation in monitoring light output due to disturbance is 
little or none. Thus, the modulator of the present inven- 
tion can be advantageously used in practice. 
[0119] In embodiment (2) of the optical waveguide 35 
modulator equipped with an output light monitor, the op- 
tical waveguide of the optical waveguide element has a 
monitoring light-outputting optical waveguide portion 
connected to the waveguide-connection portion, in ad- 
dition to the output light-outputting optical waveguide 40 
portion, to thereby output the monitoring light through 
the output end of the monitoring light-outputting optical 
waveguide portion. 

[0120] In an example of embodiment (2) of the 
present invention, an end face of an optical fiber piece 45 
for outputting the monitoring light is connected to the 
outputting end of the monitoring light-outputting 
waveguide portion; 

the optical fiber piece for outputting the monitoring 
light is held is a groove for the monitoring light, which 50 
groove is formed in the reinforcing capillary and is longer 
than the optical fiber piece for outputting the monitoring 
light; an end face of the groove for the monitoring light, 
facing the output end face of the optical fiber piece for 
outputting the monitoring light constitutes a reflecting ss 
surface forthe monitoring light, whereby the monitoring 
light outputted through the output end of optical fiber 
piece for outputting the monitoring light is reflected on 



the above-mentioned reflecting surface : and the reflect- 
ed monitoring light is received, as an outputted monitor- 
ing light, by the monitoring light-receiving means. 
[0121] Fig. 14 shows an explanatory plan view of the 
optical waveguide modulator equipped with an output 
light monitor of embodiment (2) of the present invention. 
Fig. 15 shows an explanatory partially cross-sectional 
front view of the modulator of Fig. 14, and Fig. 15 is a 
graph showing examples of wave forms of main signal 
light and monitoring light outputted from the modulator 
of the present invention shown in Figs. 14 and 15. 
[0122] In Figs. 14, 15 and 16, an optical waveguide 
modulator 101 has a modulator chip 102, a reinforcing 
capillary 103 and a monitoring light-receiving means 
1 04. The modulator chip 1 02 has the same constitution 
as that of a modulator chip 102 shown in Fig. 15. In Figs. 
14 and 15, only a portion of the modulator chip 102 is 
shown. 

[0123] In the modulator chip 102, a surface 
waveguide is formed in a surface portion of a substrate 
plate 104 consisting of a dielectric material (LN) or a 
semiconductor material (GaAs). The surface waveguide 
has a plurality of surface waveguide portions 105 and 
106, a connection portion 107 in which the waveguide 
portions 105 and 106 are converged and connected to 
each other, a main output waveguide portion 108 and a 
monitoring light output waveguide portion 1 09. An opti- 
cal fiber-supporting base plate 110 of the reinforcing 
capillary 1 03 is connected to an output side end face of 
the substrate plate 1 04. This connection is reinforced by 
a reinforcing member 111 . 

[0124] The main output waveguide portion 109 iscon- 
nected to an end face of a main output optical fiber 1 1 2 . 
The main output optical fiber 112 is supported in a main 
output V-shaped groove 113 formed in an optical fiber- 
supporting base plate 110 of the reinforcing capillary 
1 03, the opposite end portion of the main output optical 
fiber 112 extend outward over the optical fiber-support- 
ing base plate 110, whereby to output the main output 
light 1 1 4 transmitted through the main output optical fib- 
er 1 1 2 to the outside of the modulator 1 01 . 
[0125] The V-shaped groove 1 1 3 has a pair of inclined 
side surfaces facing each other and extending along the 
longitudinal direction of the groove. 
[0126] The monitoring light output waveguide portion 
108 is connected to an end face of a monitoring light 
output optical fiber 115, and the monitoring light output 
optical fiber 115 is supported in a V-shaped groove 116 
forthe monitoring light, formed separately from the V- 
shaped groove for the main output light. The V-shaped 
groove 1 1 6 for the monitoring light has a pair of inclined 
side surfaces extending along the longitudinal direction 
thereof and facing each other and an inclined end sur- 
face 117 oblique with respect to the longitudinal axis of 
the groove 116, an end face of the monitoring light out- 
put optical fiber piece 115 faces the inclined end face 
117, whereby the monitoring light 118 is radiated 
through the other end face of the monitoring output op- 
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tical fiber piece 115 toward the inclined inside end sur- 
face 117. The radiated monitoring light 118 is reflected 
upward on the inclined end surface 117. 
[0127] A monitoring light-receiving means 104 is lo- 
cated above the V-shaped group 11 6 for the monitoring 
light. The monitoring light-receiving means 1 04 includes 
a photoelectric conversion element (a photodiode (PD)) 
119. The photoelectric conversion element 1 1 9 receives 
the monitoring light 1 1 8 reflected on the inclined end sur- 
face 117 of the V-shaped groove 116forthe monitoring 
light and converts the received light to an electric signal. 
The photoelectric conversion element 119 is supported 
by a supporting member 120. 
[0128] The optical fiber-supporting base plate 110 is 
constituted from, for example, a Si single crystal, and 
the inclined side surfaces of the V-shaped groove 113 
for the main output light and the inclined side surfaces 
and the inclined end surface of the V-shaped groove 116 
for the monitoring light are formed by applying an ani- 
sotropic etching to the Si single crystal. In this etching, 
the plane <111> of the Si single crystal is selectively 
etched to form a V-shaped groove having an oblique an- 
gle of 54.7 degrees. The form and the top end width of 
the V-shaped groove can be certainly established by 
photolithography, and the top end of the V-shaped 
groove can be formed at a desired width. 
[0129] As shown in Fig. 15, the upper portions of the 
peripheries of the optical fibers 112 and 115 supported 
in the V-shaped groove 1 1 3 for the main output light and 
the V-shaped groove 1 16 for the monitoring light prefer- 
ably projects upward overthe upper end face 121 ofthe 
optical fiber-supporting base plate 110, and the height 
of the projection is preferably 30 \im or more and 1/2 or 
less of the outside diameter of the optical fiber. In this 
projection height, a center line 122 of the optical fiber is 
located belowthe uppersurface 121 ofthe optical fiber- 
supporting base plate 110. In the reinforcing capillary 
1 03, a guard plate 1 22 is arranged on the optical fibers 
112 and 115. 

[0130] In view of the applied voltage-light output rela- 
tionship shown in Fig. 16, it is clear that the wave form 
of main output light 114 and the wave form of the mon- 
itoring light 118 are in a supplementary relationship to 
each other, and the output conditions ofthe main output 
light 114 can be accurately detected by the monitoring 
light 118. 

[0131] As Fig. 17shows, the main output optical fiber 
1 1 2 and the monitoring light output optical fiber 11 5 sup- 
ported respectively in the V-shaped grooves 113 and 
1 1 6 of the optical fiber-supporting base plate 1 1 0 of the 
reinforcing capillary 1 03 are adhered to and fixed in the 
V-shaped grooves 1 1 3 and 1 1 6 by an adhesive 123, and 
are stabilized by a transparent guard plate 1 22 as shown 
in Figs. 1 5 and 1 6. A reinforcing member 1 1 1 reinforces 
the connection between the dielectric base plate 1 04 of 
the modulator chip 102 and the optical fiber-supporting 
base plate 110. 

[0132] In Figs. Hand 15, the monitoring light output- 



ted through the monitoring light output waveguide por- 
tion 30 is radiated from the end face of the monitoring 
light output optical fiber 1 08 toward the inclined end sur- 
face 1 1 7 of the V-shaped groove 1 1 6 for the monitoring 
* light, the radiated monitoring light is reflected upward on 
the inclined end surface 1 1 7, and the reflected monitor- 
ing light 11 8 passes through the guard plate 1 22 and is 
received by the photoelectric conversion element (pho- 
todiode, PD) 119 by which the received monitoring light 
10 is converted to electric signal. The electric signal is in- 
putted, as input signal into the bias control circuit (not 
shown in Figs. 14 and 15), as shown in Fig. 2, and the 
photoelectric conversion element for controlling the 
modulator may be fixed to the guard plate 122. 
'5 [0133] In Figs. 18(A), 18(B) and 18(C), examples of 
the V-shaped grooves for the monitoring light, formed 
from silicon are shown in detail. Fig. 1 8(A) is an explan- 
atory partial plan view ofthe V-shaped groove 116, Fig. 
18(B) is an explanatory cross-sectional view the V- 

20 shaped groove 116 along a line A-A of Fig. 18(A), and 
Fig. 18(C) is an explanatory cross-sectional view ofthe 
V-shaped groove along a line B-B, of Fig. 18(A). 
[0134] In Figs. 18(A), 18(B) and 18(C), a V-shaped 
groove 116 is formed by etching in an optical fiber-sup- 

25 porting base plate 1 1 0 and below the upper surface 121 
of the base plate, The V-shaped groove 116 has side 
surfaces 124 and 125 intersecting each other at a bot- 
tom line 126. Also, the V-shaped groove 11 6 has an in- 
clined end surface 1 1 7 at an oblique angle to the longi- 

30 tudinal axis of the groove. 

[0135] Each of the side surfaces 1 24 and 1 25 and the 
inclined end surface of the groove is af ormed by a <1 1 1 > 
plane of asilicon single crystal and each have an oblique 
angle of 54.7 degrees to the upper surface 121 . 

35 [0136] The inclined end face 117 of the V-shaped 
groove 116 for the monitoring light is optionally coated 
with a high reflectional coating, for example, an Au 
membrane, to enhance the reflectance of the inclined 
end face. Preferably, to increase the reflected light 

40 amount, the depths of the V-shaped grooves 113 and 
1 1 6 is established so that the longitudinal center line 1 22 
of the monitoring light output optical fiber 115 is located 
below the level of the upper surface 121 of the optical 
fiber-supporting base plate 110. When the center line of 

^5 the optical fiber 1 1 5 is located above the level of the up- 
per surface 121 , the monitoring light may be reflected 
in a decreased light volume on the inclined end face, 
and thus a disadvantage, that the reflected monitoring 
light is received in an insufficient light volume by the light 

so receiving means, may occur. 

[0137] Forthe purpose of arranging the main light out- 
put optical fiber 112 and the monitoring light output op- 
tical fiber 115 properly by using the guard plate 122, it 
is preferable that the upper portions of the peripheries 

55 of the optical fibers 1 1 2 and 1 1 5 project above the upper 
surface 121 of the optical fiber-supporting base plate 
1 1 0 at a light of 30 jum or more but not more than 1/2 of 
the outer diameters of the optical fibers. Also, preferably, 
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the depths of V-shaped grooves 116 and 113 be estab- 
lished so that the light of the projected upper portions of 
the peripheries of the optical fibers above the optical fib- 
er-supporting base plate 121 is 30 jwn or more but not 
more than 1/2 of the outer diameters of the optical fibers. 
[0138] in Figs. 19(A) and 19(B), examples of consti- 
tutions of connecting portion of the optical waveguide 

1 07 at which two output light waveguide portions, name- 
ly the main light output waveguide portion 1 09 and the 
monitoring output light waveguide portion 1 08, are con- 
verged thereinto and connected with each other, and 
then the main light-outputting waveguide portion 109 
and the monitoring light-outputting waveguide portion 

1 08 are separated from each other, are shown. 
[0139] In Fig. 19(A), the waveguide connecting por- 
tion 1 07 is formed from an X coupler ora directional cou- 
pler 127. 

[0140] When a 3 dB coupler is used as a directional 
coupler, the function of the resultant coupler is the same 
as the X-coupler. In Fig. 1 9(B), the main light-outputting 
waveguide portion 109 is connected to the waveguide 
connecting portion 1 07,a directional coupler 1 2B forTAP 
is arranged on a portion of the main light-outputting 
waveguide portion 1 09, to separate a portion of the out- 
put light and to provide a monitoring light-outputting 
waveguide portion 108. 

[0141] The optical fiber piece 115 for the monitoring 
light usable for the present invention may be formed 
from a single mode fiber, and is preferable formed from 
a multi-mode fiber (for example, G150 or G1 62). When 
the multi-mode fiber is used : the alignment of the fiber 
is easy. 

[0142] Usually, the waveguide chip usable for the 
modulator of the present invention has a width of about 
1 to 3 mm. Usually, since a maximum curvature of the 
waveguide at which the waveguide can be heat without 
being damaged is about 5000 mm, the bending of the 
monitoring light-outputting waveguide portion 108 as 
shown in Figs. 20(A) and 20(B) to enable the monitoring 
light to be directly introduced into the photoelectric con- 
version element (PD) 119 is practically impossible. 
[0143] In another example of the embodiment (2) of 
the optical waveguide modulator equipped with an out- 
put fight monitor, an end face of the monitoring light-out- 
putting optical fiber piece is connected to an output end 
of the monitoring light-outputting optical waveguide por- 
tion; 



and 

the output end face of the monitoring light-output- 
ting optical fiber piece is directed to the monitoring 
light-receiving means, whereby the monitoring light 
outputted from the output end face of the monitoring 
light-outputting optical fiber piece is received by the 
monitoring light-receiving means. 



the monitoring light-outputting optical fiber piece is 
held in a hole or groove formed in the reinforcing 
capillary and is not longerthan the monitoring light- 
outputting optical fiber; 

the hole or groove for the monitoring light formed in 
the reinforcing capillary inclines in a manner such 
that the farther the hole or groove for the monitoring 
light from the connection surface waveguide ele- 
ment, the farther the hole or groove for the monitor- 
ing light from the hole or groove for the output light; 



[0144] A constitution of the above-mentioned exam- 
io pie of the optical waveguide modulator of the present 
invention equipped with an output light monitor is shown 
in Fig. 21 . 

[0145] In the modulator 131 of Fig. 21, a waveguide 
chip 132 has the same constitution as that shown in 
15 Figs. 14 and 15. In an optical fiber-supporting part 133, 
a V-shaped groove 113 for the main output light formed 
in an optical fiber-supporting base plate 134 and an op- 
tical fiber 113 for the main output light are the same as 
those shown in Figs. 14 and 15. However, a V-shaped 
20 groove 135 forthe monitoring output lightformed orthe 
optical fiber-supporting base plate 1 34 extends in an ob- 
lique angle at which the V-shaped groove for the moni- 
toring light becomes more distant from the V-shaped 
groove 113 forthe main output light, and an optical fiber 
25 piece 1 36 forthe monitoring output light in the V-shaped 
grooves 135. The monitoring output light optical fiber 
piece 136 extends across the optical fiber-supporting 
part 1 33 and to the outside of the optical fiber-supporting 
base plate 134, and the end face of the optical fiber 
30 piece 1 36 faces a photoelectric conversion element 1 1 9 
of the light receiving means 104. The monitoring light 
118 outputted from the end face of the monitoring light 
output optical fiber 136 is received by the photoelectric 
conversion element 11 9 and is converted to an electric 
35 signal in this element. The photoelectric conversion el- 
ement 119 is supported by a supporting member 120. 
In this modulator, the monitoring light-outputting optical 
fiber is preferably selected from multi-mode optical fib- 
ers, and an X coupler or a directional coupler is prefer- 
40 ably arranged in the connecting portion of the surface 
waveguide. Alternatively, preferably a main light output- 
ting waveguide portion is connected to the connecting 
portion of the surface waveguide, and the monitoring 
light-outletting waveguide portion is connected to the 
45 main light-outpulling waveguide portion through a direc- 
tional coupler. The length of the optical fiber piece 136 
forthe monitoring light output must be not shorter than 
the length of the V-shaped group 135 forthe monitoring 
light output. The length of the optical fiberpiece 136 may 
50 be equal to the length of the V-shaped group 1 35 and is 
preferably longer than the V-shaped groove 135, as 
shown in Fig. 21. 

[0146] In the above-mentioned example of the em- 
bodiment (2) of the optical waveguide modulator of the 
55 present invention equipped with an output light monitor, 
as the main light outputting waveguide portion of the op- 
tical waveguide chip has a width of about 250 \m\, and 
a portion of the optical fiber for the main output light lo- 
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cated outside of the optical fiber-supporting base plate 
has an outside diameter of 250 to 400 \im t light radiation 
from an end face of the modulator chip can be directly 
received by the photoelectric conversion element (PD) 
located in the modulator module, whereas in the con- 
ventional modulator, the direct receiving of the light ra- 
diation is difficult due to interference between the main 
output light waveguide and the main output light optical 
fiber. Thus, in the above-mentioned example of the em- 
bodiment (2) of the present invention, a optical 
waveguide modulator equipped with an output light 
monitor having little restriction in dimensions and form 
thereof, a high reliability, a low cost and a high utilizabil- 
ity in practice, can be provided. 
[0147] In another example of the embodiment (2) of 
the optical waveguide modulator of the present inven- 
tion equipped with an output light monitor, the monitor- 
ing light-outputting optical waveguide portion of the op- 
tical waveguide element is connected, together with the 
output light-outputting optical waveguide portion, to the 
waveguide-connection portion connected to the plurality 
of surface waveguide portions, through a directional 
coupler, a cross-coupler structure or a TAP coupler 
structure; 

the output end of the output light-outputting optical 
waveguide portion is connected to an input end of 
an optical fiber inserted into the hole or groove of 
the reinforcing capillary; 

the reinforcing capillary is formed from a light-trans- 
mitting material, to thereby enable the monitoring 
light outputted from the output end of the monitoring 
light outputting waveguide portion to transmit and 
permeate through the reinforcing capillary, to be re- 
flected on the light-reflecting surface portion provid- 
ed in the reinforcing capillary, and to be received by 
the monitoring light-receiving means; and 
the output end of the output light-outputting optical 
waveguide portion and the output end of the moni- 
toring light-outputting optical waveguide portion are 
spaced from each other by a distance, the spacing 
distance being sufficiently large not to cause the 
monitoring light outputted from the monitoring light- 
outputting optical waveguide portion and transmit- 
ting through the reinforcing capillary to be affected 
by the output light outputted from the output end of 
the output light-outputting optical waveguide por- 
tion. 

[0148] The light-transmitting material for the reinforc- 
ing capillary is preferably selected from silicon materials 
(for example, silicon single crystal), a transparent glass 
material (for example, quartz glasses or boro-silicate 
glasses) and a transparent ceramic material. 
[0149] In the above-mentioned modulator, preferably, 
the terminal surface of the reinforcing capillary is pro- 
vided with a light-reflecting surface portion which inter- 
sects an optical axis of the monitoring light-outputting 



optical waveguide portion at an oblique angle, to thereby 
enable the monitoring light outputted from the output 
end of the monitoring light-outputting optical waveguide 
portion and transmitted through the reinforcing capillary 
5 to be reflected on the above-mentioned light-reflecting 
surface portion toward the monitoring light-receiving 
means. 

[0150] Also, in the modulator, the terminal surface of 
the reinforcing capillary is optionally provided with a 

10 curved surface portion projecting outward, to thereby 
enable the monitoring light transmitted through the re- 
inforcing capillary to be reflected and converged on the 
above-mentioned curved surface portion and to be re- 
ceived by the monitoring light-receiving means. 

*5 [0151] Further, in the modulation, at least a region of 
the portion of the terminal surface of the reinforcing cap- 
illary, which non-monitoring portion does not contribute 
to transmitting and outputting the monitoring light direct- 
ed to the monitoring light-receiving means, is optionally 
20 cutoff. 

[0152] Further, in the above-mentioned modulator, 
optionally, the light-reflecting surface portion of the ter- 
minal surface of the reinforcing capillary intersects the 
longitudinal axis of the hole for containing therein the 
25 output light-outputting optical fiber at an oblique angle, 
to thereby enable the radiation mode light reflected on 
the light reflecting surface portion to be received, as 
monitoring light, by the monitoring light-receiving 
means. 

30 [0153] The reinforcing capillary is preferably in the 
form a cylinder. In this case, the light-reflecting surface 
of the cylindrical reinforcing capillary enables the radia- 
tion mode light reflected on the light-reflecting surface 
to transmit through the cylindrical reinforcing capillary 

35 and to be outputted, as monitoring light, through the pe- 
ripheral surface of the cylindrical reinforcing capillary, 
while the monitoring light is converged by the lens effect 
of the periphery of the cylindrical reinforcing capillary, 
and the converged monitoring light to be received by the 
monitoring light-receiving means. 
[0154] As explained in referring to Fig. 11 , preferably, 
in the terminal surface of the reinforcing capillary, a 
boundary line between the light-reflecting surface por- 
tion and the non-monitoring surface portion is located 

45 between a transmitting path of a portion of the radiation 
mode light forwarding to the light-reflecting surface por- 
tion and another transmitting path of another portion of 
the radiation mode light forwarding to the non-monitor- 
ing surface portion, and the boundary line is positioned 

so between a center line of the terminal surface of the re- 
inforcing capillary intersecting the longitudinal axis of 
the hole and extending in the same direction as that of 
the boundary line, and a tangential line extending in par- 
allel to the center line and coming into contact with a 

5 ^ portion of a periphery line of the hole of the reinforcing 
capillary from which portion of the periphery line, the 
light-reflecting surface portion is formed. 
[0155] Also, optionally, the non-monitoring surface 
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portion of the terminal surface of the reinforcing capillary 
is one formed in a manner such that a portion of the re- 
inforcing capillary is cutoff inward from the terminal sur- 
face of the capillary, while another portion of the rein- 
forcing capillary having the light-reflecting surface por- 
tion of the terminal surface thereof is not cut off. 
[0156] Further, optionally, the non-monitoring surface 
portion of the terminal surface of the reinforcing capillary 
is a non-light reflecting surface not capable of reflecting 
the radiation mode light and, with respect to the non- 
monitoring surface portion of the terminal surface of the 
reinforcing capillary, a means for intercepting the radia- 
tion mode light reflected on the non-monitoring surface 
portion is arranged between the non-monitoring surface 
portion and the monitoring light-receiving means. 
[0157] Referring to Fig. 22, the constitution of the 
above-mentioned embodiment of the optical waveguide 
modulator of the present invention equipped with an out- 
put light-monitor will be explained below. 
[0158] In Fig. 22, an optical waveguide having a plu- 
rality of surface optical waveguide portions 1 05 and 1 06 
is formed on a dielectric substrate plate 102, an input 
side end face of the waveguide is connected to an input 
side optical fiber 91 . The plurality (two in Fig. 22) of sur- 
face waveguide portions 1 05 and 1 06 are connected to 
each other at a connecting portion 107, and an output 
end of the main output light waveguide portion 1 09 con- 
nected to the connecting portion 1 07 is connected to an 
output side optical fiber 11 2. To reinforce the connection 
of the output end of the main output light waveguide por- 
tion 1 09 to the output side optical fiber 1 1 2, a reinforcing 
capillary 140 is connected to the substrate plate 1 02 and 
the main output light waveguide portion 109. This rein- 
forcing capillary 140 has a hole 112 athrough which the 
output side optical fiber 112 is inserted. 
[0159] In an optical element, for example, an optical 
modulator having the Mach-Zehnder type optical 
waveguide provided with the above-mentioned consti- 
tution and capable of obtaining ON/OFF signals, the ra- 
diation mode light (monitoring light) 142 which is gener- 
ated in an OFF mode condition, namely in a condition 
in which no optical signal is outputted, is irradiated from 
around a connecting portion of the surface waveguides 
into the substrate plate at an oblique outward direction 
with respectto the output light waveguide through which 
an optical signal output is waveguided. Usually, the ra- 
diation mode light (monitoring light) 142 transmits 
through the substrate plate and is finally irradiated from 
the end face of the base plate toward the outside of the 
base plate. The light amount of the radiation mode light 
(monitoring light) 1 42 is in a supplementary relationship 
to the light volume of the optical signal output light trans- 
mitting through the output light waveguide, and there- 
fore, the optical signal output can be monitored by de- 
tecting the radiation mode light (monitoring light) 142. 
[0160] The optical fiber 112 is connected to the end 
face of the substrate plate of the optical modulator to 
receive the optical signal output from the optical 



waveguide and to guide the received light to the outside 
of the modulator. The optical fiber has a very small thick- 
ness of 1 25 ftm, and thus when the optical fiber is simply 
bonded to the end face of the substrate plate, the result- 
^ ant bonding strength is insufficient. The connection of 
the optical fiber 112 to the optical waveguide 109 can 
be reinforced and protected by covering the optical fiber 
112 by using a fiber-reinforcing capillary 140, and by 
bonding an end face of the reinforcing capillary 140 to 
10 the end face of the substrate plate 1 02, to enhance the 
bonding strength. Generally, the reinforcing capillary is 
made from a silicon material or a ceramic material. In 
this case, when the reinforcing capillary is made from a 
material through which the signal light/radiation mode 
light (monitoring light) can transmit, into dimensions in 
which the resultant capillary can receive the radiation 
mode light (monitoring light) irradiated from the end face 
of the substrate plate, the monitoring light 142 can be 
introduced into the reinforcing capillary. 
20 [0161] When a terminal surface 1 41 of the reinforcing 
capillary (namely a terminal surface opposite to a con- 
nection end surface of the optical fiber reinforcing mem- 
ber to which surface the output end face of the optical 
waveguide element is bonded) is formed so as to inter- 
ns sect an optical axis of the above-mentioned output light 
waveguide portion of 1 09 at an oblique angle, as shown 
in Fig. 22, on the oblique terminal surface 141 , the mon- 
itoring light 142 transmitted through the reinforcing cap- 
illary 140 is reflected, and the reflected monitoring light 
so is delivered to the outside of the reinforcing capillary 1 40 
(in a direction different from the direction in which the 
output light optical fiber extends, namely, in any of the 
upward rightward downward or leftward directions). The 
delivered light is received by a light-receiving means, for 
35 example, a photodiode (PD) 104, arranged separately 
from the optical waveguide element, to measure the 
amount of the monitoring light, and the amount of the 
main output light outputted from the optical waveguide 
can be monitored based on the measured monitoring 
40 light volume. 

[0162] In the above-mentioned modulator system, 
however, the radiation mode light is inputted together 
with light come from the input side optical fiber into the 
substrate plate and light scattered in the waveguide and 
45 come to the substrate plate, into the light-receiving 
means, and therefore, a problem such that an extinction 
ratio in the monitoring light output is deteriorated, oc- 
curs. 

[0163] The term "extinction ratio" is defined, when an 
ON/OFF signal is outputted from an optical element, for 
example, an optical modulator, as a ratio of a highest 
monitoring output to a lowest monitoring output. 
[0164] Referring to Fig. 22, at the connecting portion 
1 07 of a plurality of surface waveguide portions 1 05 and 
» 106 formed on the substrate plate 102, a monitoring 
light-outputting waveguide portion 108 branched from 
the main light-outputting waveguide portion 119 is 
formed, and the output end faces of the waveguide por- 
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tions 1 08 and 1 09 are connected to the reinforcing cap- 
illary 140 having a size sufficient to receiving the moni- 
toring light. The monitoring light outputted from the out- 
put end face of the monitoring light waveguide portion 
18 transmits through the reinforcing capillary 140 5 and 
thus the monitoring light should be conducted to the 
light-receiving means 104. For example, as Fig. 22 
shows, the monitoring light 142 is reflected on the ter- 
minal reflecting surface 141 of the reinforcing capillary 
140, and then received by the light-receiving means 
1 04. The oblique intersecting angle between the termi- 
nal reflecting surface 141 and the optical axis of the 
monitoring light waveguide portion 108 may be estab- 
lished so that the output light 142a of the reflected mon- 
itoring light can be received by the light receiving means 
104. Also, optionally, the terminal reflecting surface is 
formed into a curved surface projecting outward as 
shown in Fig. 23, and the monitoring light 1 42a reflected 
on the curved reflecting surface 141a is converged and 
received by the light receiving means 1 04. Also, option- 
ally the terminal reflecting surface is covered by a high 
reflectance membrane, for example, an Au or a Pt re- 
flectance membrane adhered thereto. 
[0165] In the modulator of the present invention, the 
monitoring light transmitted through the reinforcing cap- 
illary 140 may pass through the terminal surface of the 
reinforcing capillary, without being reflecting, may be 
outputted and then may be received by the light receiv- 
ing means. 

[0166] In the modulator of the present invention as 
shown in Figs. 22 and 23, the distance between the out- 
put end of the main light-outputting waveguide portion 
and the output end of the monitoring light-outputting 
waveguide portion is preferably established so that the 
monitoring light 42 outputted from the monitoring light- 
outputting waveguide portion and transmitting through 
the reinforcing capillary and the main output light out- 
putted from the output end of the main light-outputting 
waveguide portion 109 are not affected by each other. 
More preferably, the distance between the center axes 
of the light bundles of the monitoring light and the main 
light is equal to or more than a radius of the output side 
optical fiber 112, for example, when the optical fiber is 
a single mode optical fiber, the distance is 62.5 urn or 
more. 

[0167] In Figs. 22 and 23, the monitoring light output- 
ted from the output end of the monitoring light-outputting 
waveguide portion 108 passes through the reinforcing 
capillary 140, is reflected on the terminal surface 141 or 
the terminal curved surface 141a of the reinforcing cap- 
illary 140, and the reflected monitoring light 142a is re- 
ceived by the light receiving means 104. In this case, 
the light bundle of the monitoring light introduced into 
the reinforcing capillary 140 transmit through only a por- 
tion of the reinforcing capillary 140. The transmitting 
path of the monitoring light is spaced from the transmit- 
ting path of the main output light outputted from the out- 
put end of the main light-outputting waveguide portion 



109, and the monitoring light and the main outlet light 
are not affected by each other. 
[0168] At the connecting portion of a plurality of sur- 
face waveguide portions of the modulator of the present 
5 invention, the connection of a main light-outputting 
waveguide portion to a monitoring light-outputting 
waveguide portion may be effected by the manners, for 
example, shown in Fig. 24(A) to Fig. 24(C). In Fig.' 24 

(A), a monitoring light-outputting waveguide portion 106 
fo is connected to a main light-outputting waveguide por- 
tion 109 through a TAP coupler structure 143. In this 
case, a portion of the main signal light is outputted as 
monitoring light into the reinforcing capillary 1 40 through 
a monitoring light-outputting waveguide portion 108. In 
15 Fig. 24(B), a directional coupler 144 is arranged in the 
connecting portion 107, and in Fig. 24(C), the connect- 
ing portion 1 07 is formed into a cross-coupler structure 
145. In the cases of Figs. 24(B) and (C), radiation mode 
light generated in the connecting portion 107 is output- 
20 ted as monitoring light into the reinforcing capillary 
through the monitoring light-outputting waveguide por- 
tions. 

[0169] In a modulator of the present invention as 
shown in Fig. 25, the reinforcing capillary 140 should be 
25 provided with a region, namely an effective region 146, 
which enables the monitoring light 142 outputted from 
the monitoring light-outputting waveguide portion 108 to 
transmit through the reinforcing capillary 140, to be out- 
putted through the terminal surface 141 or 141athereof 
30 toward the light receiving means 1 04, and to support an 
optical fiber thereby. The other region 147 which does 
not contribute to transmitting and outputting of the mon- 
itoring light may be cut-off as long as the optical fiber 
112 can be supported without hindrance. 
35 [0170] For example, as shown in Fig. 26, the reinforc- 
ing capillary 140 has a connection portion 140a thereof 
connected to the optical waveguide element and in the 
form of a cylinder, and the connection portion 140a has 
a hole 112a for inserting an optical fiber (not shown in 
Fig. 26) therethrough. In Fig. 26, in a middle portion 
140b continued from the connection portion 140a, a left 
half portion with respect to the center axis of the hole 
112a is cut-off, so that a groove 148 continuing from the 
hole 112a is formed in the middle portion 140b. In the 
& groove 148, the optical fiber (not shown in Fig. 26) is 
continued and supported. In a terminal portion 140c of 
the reinforcing capillary 140 continued from the middle 
portion 140b and having a terminal reflecting surface 
141 formed on the terminal face thereof, an effective 
5 o portion 146 thereof in which the transmitting path and 
the reflecting surface forthe monitoring light is ensured 
remains and the other portion 147 is cut-off. 
[0171] As Figs. 25 and 26 show, by cutBng-off the por- 
tion 1 47 of the reinforcing capillary which does not con- 
55 tribute to transmitting the monitoring light therethrough 
and to outputting the monitoring light therethrough, and 
to supporting the optical fiber therein, various advantag- 
es in that an undesired receipt of unnecessary light, for 
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example, leaked light due to incomplete connection be- 
tween the optical fiber and the optical waveguide and 
scattering light generated in the optical waveguide can 
be prevented and the extinction ratio of the monitoring 
light can be increased, can be realized. 5 
[0172] In the modulator as shown in Figs. 27 and 28, 
an optical waveguide 1 31 a formed on a substrate plate 
102 of an optical waveguide element 131 comprises an 
input light waveguide portion 149, surface waveguide 
portion 105 and 106, a connecting portion 107, a main 10 
light-outputting waveguide portion 1 08 and a monitoring 
light-outputting waveguide portion 109, and a Si0 2 150 
is formed on the optical waveguide 131a. However, no 
Si0 2 layer 150 is formed on the substrate surface por- 
tions 1 02a and 102b on which the input light waveguide is 
portion 149 and the main light and monitoring light-out- 
putting waveguide portions 109 and 108 are formed. 
Namely, the Si0 2 layer 150 is not formed on portions 
close to the input end and to the output end of the optical 
waveguide 131a. By forming the Si0 2 layer 150 in the 20 
manner as mentioned above, undesired inputting of light 
leaked from the Si0 2 layer into the reinforcing capillary 
can be prevented, and the extinction ratio of the moni- 
toring light-can be increased. 

[0173] In the optical waveguide element, electrodes 25 
151 are arranged on a plurality of surface waveguide 
portions 1 05 and 1 06 through the Si0 2 layer. The inten- 
sity of the light waves transmitting through the surface 
waveguide portions 1 05 and 1 06 can be desirably mod- 
ulated by controlling the potential difference applied to 30 
the electrodes 151. 

[0174] The optical waveguide element equipped with 
an output light monitor, of the above-mentioned embod- 
iment of the present invention, enables the monitoring 
light generated in the connecting portion of the optical 35 
waveguide to be received by the light receiving means 
with a high efficiency at an extinction ratio similar to that 
of the main output light without affecting the main output 
light and the monitoring light each other. 

40 

INDUSTRIAL APPLICABILITY 

< 

[0175] The optical waveguide modulator equipped 
with an output light monitor of the present invention en- 
ables monitoring light to be transmitted to a means for 45 
receiving and detecting the monitoring light to monitor 
the intensity of the outputted monitoring light in a simple 
constitution thereof, and the intensity of the main output 
light to be controlled in response to the detecting results 
of the monitoring light. 50 



Claims 



electric substrate and an optical waveguide 
formed on a front surface of the dielectric sub- 
strate, the optical waveguide comprising a plu- 
rality of surface optical waveguide portions, an 
optical waveguide connecting portion on which 
the surface optical waveguide portions are con- 
verged and connected to each other and an 
output light-outputting optical waveguide por- 
tion connected to the optical waveguide-con- 
necting portion; 

an optical fiber for output light, connected to an 
output end of the output light-outputting optical 
waveguide portion of the optical waveguide el- 
ement; 

a reinforcing capillary for reinforcing a connec- 
tion between the optical waveguide element 
and the output light-outputting optical fiber; and 
a means for receiving monitoring light, 

wherein 

the reinforcing capillary is provided with a hole 
or groove formed therein for containing and 
holding the optical fiber for output light, a con- 
nection surface thereof connected to an output 
end side surface of the substrate of the optical 
waveguide element, and a terminal surface 
thereof opposite to the connection surface, to 
thereby enable the reinforcing capillary to re- 
ceive themonitoring light outputted from the op- 
tical waveguide element through at least one 
member selected from the capillary itself and 
the optical fiber for the monitoring light located 
in the capillary, to transmit the monitoring light 
therethrough and to output the monitoring light 
to the outside of the capillary; and 
the monitoring light-receiving means is located 
in a position in which the monitoring light out- 
putted from the reinforcing capillary to the out- 
side of the capillary can be received, and is pro- 
vided with a photoelectric conversion element. 

2. The optical waveguide modulator equipped with an 
output light monitor as claimed in claim 1 , wherein 
the reinforcing capillary is formed from a light-trans- 
mittable material, to thereby enable radiation mode 
light generated in the optical waveguide connecting 
portion of the optical waveguide element to pass 
through the dielectric substrate and to be received 
by the light-transmittable reinforcing capillary, and 
the radiation mode light outputted from the reinforc- 
ing capillary to be received, as monitoring light, by 
the monitoring light-receiving means. 



1. An optical waveguide modulator equipped with an 55 3. Theoptical waveguide modulator equipped with an 
output light monitor comprising: output light monitor as claimed in claim 2, wherein 

the light-transmittable material for the reinforcing 
an optical waveguide element comprising a di- capillary is selected from transparent glasses. 
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4. The optical waveguide modulator equipped with an 
output light monitor as claimed in claim 2, wherein 
the terminal surface of the reinforcing capillary 
formed from the lighMransmittable material is a 
light-reflective surface, to thereby enable the radia- 5 
tion mode light radiated from the optical waveguide 
connecting portion of the optical waveguide ele- 
ments pass through the dielectric substrate of the 
optical waveguide element and the reinforcing cap- 
illary connected to the output end surface of the di- 10 
electric substrate, and to be reflected on the termi- 
nal light-reflective surface, and the reflected radia- 
tion mode light to be received, as a monitoring light, 

by the monitoring light-receiving means. 

15 

5. The optical waveguide modulator equipped with an 
output light monitor as claimed in claim 4, wherein 
the reinforcing capillary is in the form of a cylinder. 

6. The optical waveguide modulator equipped with an 20 
output light monitor as claimed in claim 4, wherein 

the reinforcing capillary is a transparent glass cyl- 
inder; a hole or groove for holding the optical fiber 
for the output light is formed along the longitudinal 
axis of the transparent glass cylindrical capillary; 25 
and the longitudinal axis of the hole or groove inter- 
sects the light-reflective terminal surface at an ob- 
lique angle. 

7. The optical waveguide modulator equipped with an 30 
output light monitor as claimed in claim 6, wherein 

the radiation mode light reflected on the reflective 
terminal surface of the cylindrical reinforcing capil- 
lary is transmitted toward a periphery of the capillary 
and then is outputted, as a monitoring light through 35 
the periphery of the capillary, the outputted monitor- 
ing light is converged by a lens effect of the periph- 
ery of the cylindrical reinforcing capillary, and the 
converged monitoring light is received by the mon- 
itoring light-receiving means. 40 

8. The optical waveguide modulator equipped with an 
output light monitor as claimed in claim 4, wherein 
a light-reflective membrane is formed on the termi- 
nal surface of the reinforcing capillary. 45 

9. The optical waveguide modulator equipped with an 
output light monitor as claimed in claim 4, wherein 
the terminal surface of the reinforcing capillary is 
formed into a curved surface projecting outward to so 
thereby enable the monitoring light transmitted 
through the reinforcing capillary to be reflected and 
converged on the curved terminal surface, and then 
to be received by the monitoring light-receiving 
means. 55 

1 0. The optical waveguide modulator equipped with an 
output light monitor as claimed in claim 4, wherein 



the connection surface of the reinforcing capillary is 
bonded to the optical waveguide element through 
an adhesive agent, and a first stain-preventing 
groove is formed on a portion of the bottom surface 
of the reinforcing capillary and close to the connec- 
tion surface of the reinforcing capillary to thereby 
receive an excessive portion of the adhesive agent 
applied between the connection surfaces of the re- 
inforcing capillary and the optical waveguide ele- 
ment and to present staining of the periphery of the 
reinforcing capillary through which the radiation 
mode light is outputted. 

1 1 . The optical waveguide modulator equipped with an 
output light monitor as claimed in claim 4, wherein 
the optical fiber for the output light is bonded to the 
hole or groove of the reinforcing capillary through 
an adhesive agent, and 

a second stain-preventing groove is formed 
on a portion of the bottom surface of the reinforcing 
capillary and close to the light reflecting terminal 
surface of the reinforcing capillary, to thereby re- 
ceive an excessive portion of the adhesive agent 
applied between the optical fiber and the hole or 
groove of the reinforcing capillary and to prevent 
staining of the periphery of the reinforcing capillary 
through which the radiation mode light is outputted. 

12. The optical waveguide modulator equipped with an 
output light monitor as claimed in claim 2, wherein 
the terminal surface of the reinforcing capillary 
formed from the lighMransmittable material is pro- 
vided with a surface portion, in which the monitoring 
light is reflected, and a non-monitoring surface por- 
tion, whereby when the radiation mode light radiat- 
ed from the optical waveguide connection portion 
of the optical waveguide element through both side 
portions of the output light-outputting optical 
waveguide portion passes through the dielectric 
substrate of the optical waveguide element and the 
reinforcing capillary connected to the output end 
surface of the dielectric substrate, only a portion of 
the radiation mode light radiated to one side portion 
of the output light-outputting optical waveguide por- 
tion is reflected on the monitoring light-reflecting 
surface portion of the reinforcing capillary toward 
the monitoring light-receiving means and received 
as a monitoring output light by the monitoring light- 
receiving means, and another portion of the radia- 
tion mode light which reaches the non-monitoring 
surface portion is not received, as a monitoring light, 
by the monitoring light-receiving means. 

13. The optical waveguide modulator equipped with an 
output light monitor as claimed in claim 12, wherein 
the reinforcing capillary is in the form of a cylinder. 

14. The optical waveguide modulator equipped with an 
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output light monitor as claimed in claim 1 2, wherein 
the terminal reflecting surface portion of the rein- 
forcing capillary intersects the direction of the lon- 
gitudinal axis of the hole or groove in which the out- 
put light-outputting optical fiber is received, at an 
oblique angle, to thereby enable the radiation mode 
light reflected on the terminal reflecting surface por- 
tion to be received, as monitoring light, by the mon- 
itoring light-receiving means. 

15. The optical waveguide modulator equipped with an 
output light monitor as claimed in claim 13, wherein 
the portion of the radiation mode light reflected on 
the reflecting surface portion of the cylindrical rein- 
forcing capillary is outputted, as monitoring light, 
through the periphery of the cylindrical reinforcing 
capillary, and converged by the lens effect of the pe- 
riphery of the cylindrical reinforcing capillary, and 
the converged monitoring light is received by the 
monitoring light-receiving means. 

16. The optical waveguide modulator equipped with an 
output light monitor as claimed in claim 12, wherein 
a light-reflective membrane is formed on the termi- 
nal light-reflecting surface portion of the reinforcing 
capillary. 

17. The optical waveguide modulator equipped with an 
output light monitor as claimed in claim 1 2, wherein 
a portion of the terminal surface of the reinforcing 
capillary is formed into a curved surface projecting 
outward, to thereby enable the monitoring light 
transmitted through the reinforcing capillary to be 
reflected on the curved surface portion of the termi- 
nal surface and converged, and to be received by 
the monitoring light-receiving means. 



19. The optical waveguide modulator equipped with an 
output light monitor as claimed in claim 1 2, wherein 
the non-monitoring surface portion of the terminal 
surface of the reinforcing capillary is one formed in 

5 a manner such that a portion of the reinforcing cap- 
illary is cut off inward from the terminal surface of 
the capillary while another portion of the reinforcing 
capillary having the light-reflecting surface portion 
of the terminal surface thereof is not cut off 

10 

20. The optical waveguide modulator equipped with an 
output light monitor as claimed in claim 1 2, wherein 
the non-monitoring surface portion of the terminal 
surface of the reinforcing capillary is a non-light re- 
's fleeting surface not capable of reflecting the radia- 
tion mode light. 

21 . The optical waveguide modulator equipped with an 
output light monitor as claimed in claim 12 wherein, 

20 with respect to the non-monitoring surface portion 
of the terminal surface of the reinforcing capillary, a 
means for intercepting the radiation mode light re- 
flected on the non-monitoring surface portion is ar- 
ranged between the non-monitoring surface portion 

25 and the monitoring light-receiving means. 

22. The optical waveguide modulator equipped with an 
output light monitor as claimed in claim 12 wherein, 
with respect to the non-monitoring surface portion 

30 of the terminal surface of the reinforcing capillary, a 
means for intercepting the radiation mode light is 
provided in the reinforcing capillary and upstream 
of the non-monitoring surface portion. 



18. The optical waveguide modulator equipped with an 
output light monitor as claimed in claim 12 wherein, 
in the terminal surface of the reinforcing capillary, a 
boundary line between the light-reflecting surface 
portion and the non-monitoring surface portion is lo- 
cated between a transmitting path of a portion of the 
radiation mode light which reaches the light-reflect- 
ing surface portion and anothertransmitting path of 
another portion of the radiation mode light which 
reaches the non-monitoring surface portion; and 
the boundary line is positioned between a center 
line of the terminal surface of the reinforcing capil- 
lary intersecting the longitudinal axis of the hole and 
extending in the same direction as that of the 
boundary line, and a tangential line extending in 
parallel to the center line and coming into contact 
with a portion of a periphery line of the hole of the 
reinforcing capillary from which portion of the pe- 
riphery line, the light-reflecting surface portion is 
formed. 



35 23. The optical waveguide modulator equipped with an 
output light monitor as claimed in claim 1 , wherein 
the optical waveguide of the optical waveguide el- 
ement has a monitoring light-outputting optical 
waveguide portion connected to the waveguide- 
4 o connecting portion, in addition to the output light- 
outputting optical waveguide portion, to thereby 
output the monitoring light through the output end 
of the monitoring light-outputting optical waveguide 
portion. 

45 

24. The optical waveguide modulator equipped with an 
output light monitor as claimed in claim 23, wherein 
an end face of an optical fiber piece for outputting 
the monitoring light is connected to the outputting 
50 end of the monitoring light-outputting waveguide 
portion; 

the optical fiber piece for outputting the mon- 
itoring light is held in a groove for the monitoring 
light, which groove is formed in the reinforcing cap- 
55 illary and is longer than the optical fiber piece for 
outputting the monitoring light; an end face of the 
groove forthe monitoring light, facing the output end 
face of the optical fiber piece for outputting the mon- 
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itoring light constitutes a reflecting surface for the 
monitoring light, whereby the monitoring light out- 
putted through the output end of optical fiber piece 
for outputting the monitoring light is reflected on the 
above-mentioned reflecting surface, and the re- 5 
fleeted monitoring light is received, as an outputted 
monitoring light, by the monitoring light-receiving 
means. 

25. The optical waveguide modulator equipped with an 10 
output light monitor as claimed in claim 24, wherein 
the reflecting end face of the groove for the moni- 
toring light is constituted by a light-reflecting mem- 
brane. 

15 

26. The optical waveguide modulator equipped with an 
output light monitor as claimed in claim 24, wherein 
the optical fiber piece for the output monitoring light 
is formed from a multi-mode optical fiber. 

20 

27. The optical waveguide modulator equipped with an 
output light monitor as claimed in claim 24, wherein 
an X-coupler or a directional coupler is arranged in 
the waveguide-connecting portion of the optical 
waveguide element, and the output light-outputting 25 
optical waveguide portion and the monitoring light- 
outputting optical waveguide portion are connected 

to the X-coupler or the directional coupler. 

28. The optical waveguide modulator equipped with an 30 
output light monitor as claimed in claim 27, wherein 

the output light-outputting optical waveguide por- 
tion of the optical waveguide element is connected 
to the waveguide-connecting portion, and the mon- 
itoring light-outputting optical waveguide portion is 35 
connected to the output light-outputting optical 
waveguide portion through the directional coupler. 

29. The optical waveguide modulator equipped with an 
output light monitor as claimed in claim 23, wherein 40 
an end face of the monitoring light-outputting optical 
fiber piece is connected to an output end of the mon- 
itoring light-outputting optical waveguide portion; 

the monitoring light-outputting optical fiber 45 
piece is held in a hole or groove formed in the 
reinforcing capillary and is not longer than the 
monitoring light-outputting optical fiber; 
the hole or groove for the monitoring light 
formed in the reinforcing capillary inclines in a so 
manner such that the fartherthe hole or groove 

for the monitoring light from the connection sur- 
face between the reinforcing capillary and the 
optical waveguide element, the fartherthe hole 
or groove for the monitoring light from the hole 55 
or groove for the output light; and 
the output end face of the monitoring light-out- 
putting optical fiberpiece is directed to the mon- 



itoring light-receiving means, whereby the 
monitoring light outputted from the output end 
face of the monitoring light-outputting optical 
fiber piece is received by the monitoring light- 
receiving means. 

30. The optical waveguide modulator equipped with an 
output light monitor as claimed in claim 29, wherein 
the monitoring light-outputting optical fiberpiece is 
formed from a multi-mode optical fiber. 

31 . The optical waveguide modulator equipped with an 
output light monitor as claimed in claim 29, wherein 
an X-coupler or a directional coupler is arranged in 
the waveguide-connecting portion of the optical 
waveguide element, and the output light-outputting 
optical waveguide portion and the monitoring light- 
outputting optical waveguide portion are connected 
to the X-coupler or the directional coupler 

32. The optical waveguide modulator equipped with an 
output light monitor as claimed in claim 31 , wherein 
the output light-outputting optical waveguide por- 
tion of the optical waveguide element is connected 
to the waveguide-connecting portion, and the mon- 
itoring light-outputting optical waveguide portion is 
connected to the output light-outputting optical 
waveguide portion through the directional coupler. 

33. The optical waveguide modulator equipped with an 
output light monitor as claimed in claim 23, wherein 
the monitoring light-outputting optical waveguide 
portion ofthe optical waveguide element is connect- 
ed, together with the output light-outputting optical 
waveguide portion, to the waveguide-connection 
portion connected to the plurality of surface 
waveguide portions, through a directional coupler, 
a cross-coupler structure or a TAP coupler struc- 
ture; 

the output end ofthe output light-outputting op- 
tical waveguide portion is connected to an input 
end of an optical fiber inserted into the hole or 
groove of the reinforcing capillary; 
the reinforcing capillary is formed from a light- 
transmitting material, to thereby enable the 
monitoring light outputted from the output end 
of the monitoring light outputting waveguide 
portion to transmit and permeate through the 
reinforcing capillary, to be reflected on the light- 
reflecting surface portion provided in the rein- 
forcing capillary, and to be received by the mon- 
itoring light-receiving means; and 
the output end of the output light-outputting op- 
tical waveguide portion and the output end of 
the monitoring light-outputting optical 
waveguide portion are spaced from each other 
at a distance, the spacing distance being suffi- 
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ciently large not to cause the monitoring light 
outputted from the monitoring light-outputting 
optical waveguide portion and passing through 
the reinforcing capillary to be affected by the 
output light outputted from the output end of the 5 
output light-outputting optical waveguide por- 
tion. 

34. The optical waveguide modulator equipped with an 
output light monitor as claimed in claim 33, wherein 10 
the terminal surface of the reinforcing capillary is 
provided with a light-reflecting surface portion 
which intersects an optical axis of the monitoring 
light-outputting optical waveguide portion at an ob- 
lique angle, to thereby enable the monitoring light 15 
outputted from the output end of the monitoring 
light-outputting optical waveguide portion and 
transmitted through the reinforcing capillary to be 
reflected on the light-reflecting surface portion to- 
ward the monitoring light-receiving means. 20 

35. The optical waveguide modulator equipped with an 
output light monitor as claimed in claim 33, wherein 
the terminal surface of the reinforcing capillary is 
provided with a curved surface portion projecting 25 
outward, to thereby enable the monitoring light 
transmitted through the reinforcing capillary to be 
reflected and converged on the curved surface por- 
tion and to be received by the monitoring light-re- 
ceiving means. 30 

36. The optical waveguide modulator equipped with an 
output light monitor as claimed in claim 33, wherein 
at least a region of the portion of the terminal sur- 
face of the reinforcing capillary, which portion does 35 
not contribute to transmitting and outputting the 
monitoring light directed to the monitoring light-re- 
ceiving means, is cut off. 

37. The optical waveguide modulator equipped with an *o 
output light monitor as claimed in claim 33, wherein 

the light-reflecting surface portion of the terminal 
surface of the reinforcing capillary intersects the 
longitudinal axis of the hole for containing therein 
the output light-outputting optical fiber at an oblique 45 
angle, to thereby enable the radiation mode light re- 
flected on the light reflecting surface portion to be 
received, as monitoring light, by the monitoring 
light-receiving means. 

50 

38. The optical waveguide modulator equipped with an 
output light monitor as claimed in claim 33, wherein 
the reinforcing capillary is in the form of a cylinder. 

39. The optical waveguide modulator equipped with an 55 
output light monitor as claimed in claim 38, wherein j 
the light-reflecting surface of the cylindrical reinforc- 
ing capillary enables the radiation mode light re- 



flected on the light-reflecting surface to pass 
through the cylindrical reinforcing capillary and to 
be outputted, as monitoring light, through the pe- 
ripheral surface of the cylindrical reinforcing capil- 
lary, while the monitoring light is converged by the 
lens effect of the periphery of the cylindrical rein- 
forcing capillary, and the converged monitoring light 
is received by themonitoring light-receiving means. 

40. The optical waveguide modulator equipped with an 
output light monitor as claimed in claim 33, wherein, 
in the terminal surface of the reinforcing capillary, a 
boundary line between the light-reflecting surface 
portion and the non-monitoring surface portion is lo- 
cated between a transmitting path of a portion of the 
radiation mode light moving to the light-reflecting 
surface portion and another transmitting path of an- 
other portion of the radiation mode light moving to 
the non-monitoring surface portion, and the bound- 
ary line is positioned between a center line of the 
terminal surface of the reinforcing capillary inter- 
secting the longitudinal axis of the hole and extend- 
ing in the same direction as that of the boundary 
line, and a tangential line extending in parallel to the 
center line and coming into contact with a portion of 
a periphery line of the hole of the reinforcing capil- 
lary from which portion of the periphery line, the 
light-reflecting surface portion is formed. 

41 . The optical waveguide modulator equipped with an 
output light monitor as claimed in claim 33, wherein 
the non-monitoring surface portion of the terminal 
surface of the reinforcing capillary is one formed in 
such a manner that a portion of the reinforcing cap- 
illary is cut off inward from the terminal surface of 
the capillary, while another portion of the reinforcing 
capillary having the light-reflecting surface portion 
of the terminal surface thereof is not cut off. 

42. The optical waveguide modulator equipped with an 
output light monitor as claimed in claim 33, wherein 
the non-monitoring surface portion of the terminal 
surface of the reinforcing capillary is a non-light re- 
flecting surface not capable of reflecting the radia- 
tion mode light. 

43. The optical waveguide modulator equipped with an 
output light monitor as claimed in claim 33, wherein 
with respect to the non-monitoring surface portion 
of the terminal surface of the reinforcing capillary, a 
means for intercepting the radiation mode light re- 
flected on the non-monitoring surface portion is ar- 
ranged between the non-monitoring surface portion 
and the monitoring light-receiving means. 

W. The optical waveguide modulator equipped with an 
output light monitor as claimed in any one of claims 
1 to 43, wherein the optical waveguide element has 
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a Si0 2 layer formed on a portion of the optical 
waveguide other than an input end portion of the 
surface optical waveguide portion and the output 
end portions of the output light-outputting optical 
waveguide portion and the monitoring light-output- 
ting optical waveguide portion. 
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The invention of claim 1 relates to a modulator for propagating monitor light 
outputted from an optical waveguide element through at least one of a reinforcing 
capillary and a monitor light optical fiber disposed in the reinforcing capillary 
and outputting the monitor light outside the reinforcing capillary. 

The inventions of claims 2, 3 relate to a modulator in which a radiation-mode light 
produced at a waveguide coupling part of an optical waveguide element is received 
by a light -propagating reinforcing capillary. 

The inventions of claims 4-22, 33-43 relate to a modulator in which monitor light 
is propagated through a reinforcing capillary, reflected from the reflecting surface 
formed at the fere end face of the reinforcing capillary, and received by 
light-receiving means. 

The invention of claim 23 relates to a modulator comprising an optical waveguide 
element having a monitor light output waveguide part. 

The inventions of claims 24-2B relate to a modulator in which a light reflecting 
face is provided on an end face of a monitor light groove, the end face 
to the output end of a monitor light output optical fiber piece. 

The inventions of claims 29-32 relate to a modulator in which a monitor light through 
hole or groove is so inclined that it is farther from an output through hole or 
groove as it is farther from the joined surface between a reinforcing capillary 
and an optical waveguide element. 



The invention of claim 44 relates to a modulator comprising an optical waveguide 
element that has an Si0 2 layer in a portion except for the input end and the output 
ends of the output light output waveguide part and the monitor light output waveguide 
part. 
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